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Section  I 

LABORATORY  TOOLS  AND  INSTRUCTIONS 


JayiJ-rfli 

Section  I 

4LJU&II  il  jJII)  uIjjTSI 

LABORATORY  TOOLS  AND  INSTRUCTIONS 


I.  LABORATORY  TOOLS 

-White  laboratory  coat. 

-Small  towel. 

-  Dissecting  set  kept  inside  a  suitable  case  : 

*  Three  scissors : 

-  A  large  one  {for  cutting  bones). 

-  A  small  one  with  pointed  ends. 

-  One  with  blunt  ends. 

*  Two  or  three  sharp  scalpels  with  different 
sizes. 

*  Three  forceps : 

-  A  large  one  with  blunt  ends. 

-  A  medium  one  with  blunt  ends. 

-  A  medium  one  with  pointed  ends. 

*  One  or  two  medical  droppers. 

*  Two  dissecting  needles,  mounted  in  metal 
handles  one  straight  and  one  curved. 

*  Pins,  small  nails,  thread  and  a  piece  of 
sponge. 

*  A  fine  brush. 

*  A  large  laboratory  notebook,  with  plane 
pages. 

*  A  suitable  ruler. 

*  Drawing  pencils,  and  eraser  of  soft  rubber. 

-  Dissecting  Dish : 

Besides,  the  student  should  prepare  for 
himself  a  dissecting  dish  for  training.  This  can 
be  easily  prepared  as  follows : 

Bring  a  wide  aluminium  dish  (circular  30- 
35  cm  in  diam.,  or  rectangular  30  X  40  cm) 
with  suitable  depth  (about  15  cm).  Fill  half  of 
it  with  molten  paraffin  wax,  a  small  amount  of 
powdered  charcoal  and  a  smaller  amount  of 
fine  sand  (with  a  maximum  high  7-8  cm)  to  al¬ 
low  covering  the  specimen  with  enough 
amount  of  water. 
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liljjl  ji  i-j-il*  Alains 

Leather  or  wooden  case  containing  the  dissecting  tools 


V  1  o  £ 


4  jt ±j£jSl  Cj\jSi\ 
Dissecting  tools 


-  Sharp  scalpel 

-  Forceps  with  straight  pointed  ends 

-  Forceps  with  curved  pointed  ends 

-  Straight  dissecting  needle 

-  Curved  dissecting  needle 

-  Scissors  with  straight  pointed  ends 

-  Scissors  with  broad  ends 
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*  A  wooden  dissecting  board  (nearly  45  x  45 
cm)  for  dissection  of  large  animals  (as  rabbit, 
pigeon  ..  etc)  which  do  not  necessitate  to  be 
covered  with  water  during  dissection. 

N.  B.  :  In  such  cases,  cotton  moistened  with 
water  is  used  to  clean  animals  from  inside. 

II.  Lab.  Instructions : 

1  .  Keep  quite  and  pay  attention  to  the  given 

instructions  at  the  beginning  of  the  practi¬ 
cal  session.  If  you  want  to  inquire  about 
anything,  this  will  be  through  the  instruc¬ 
tor  only  and  not  your  colleagues  in  the  lab. 

2  .  After  dissection  is  completed,  wash  and 

dry  carefully  the  dissection  tools  before 
keeping  them  in  their  case. 

3  .  Examine  your  specimen  carefully  before 

drawing. 

4  .  Make  sure  that  your  place  on  the  bench  is 

completely  clean  and  dry. 

5  .  Drawings  are  always  made  by  using  suita¬ 

ble  pencils. 

6  .  Avoid  throwing  any  wastes  in  the  sinks  and 

instead  put  them  in  the  garbage  baskets. 

III.  General  Instructions  for  Dissec¬ 
tion 

1  .  Dissection  of  animals  should  be  carried  out 

after  their  narcotization  by  one  of  the  suit¬ 
able  methods  which  will  be  referred  to  lat¬ 
er  on. 

2  .  Vertebrate  animals  (toads  -  lizards  -  birds  - 

rabbits ...  etc.)  are  fixed  on  their  backs,  and 
dissected  from  the  ventral  side,  whereas 
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Invertebrates  (  worms,  insects  ...  etc.  ) 
are  fixed  on  the  ventral  side  and  dissected 
from  the  dorsal  side. 

3  .  Keep  the  specimens  always  clean  during 
dissection  by  changing  the  water  several 
times  in  the  dissecting  dish  or  using  mois¬ 
tened  cotton  for  cleaning  the  dissected 
large  animals. 

N.  B.  :  The  specific  instructions  of  differ¬ 
ent  specimens  will  be  mentioned  later  on 
in  their  proper  places. 

4 ,  Labelling  of  the  dissected  specimens : 

In  this  case,  use  what  is  known  as  flag  la¬ 
belling.  The  flag  label  is  prepared  by  mak¬ 
ing  small  strips  of  suitable  paper  fixed  in 
the  drawing  pins.  Fix  them  close  the  re¬ 
quired  parts.  Avoid  pinching  the  pin  in  the 
blood  vessels. 

Scientific  terms  for  practical  studies  : 

Special  scientific  terms  which  are  used  in 
practical  studies  : 

*  Anterior  :  the  front  part  of  the  body 

*  Posterior  :  the  hind  part  of  the  body 

*  Dorsal  :  the  upper  side  of  the  body 

*  Ventral  :  the  lower  side  of  the  body 

*  Lateral-:  side  of  the  animal 

For  microscopical  prepared  speci¬ 
mens  : 

*  Whole  mount :  preparation  of  small  ani¬ 
mals  or  parts  of  animals  as  a  whole  for  micro¬ 
scopic  examination. 

*  Different  sections  of  the  specimen  in¬ 
clude 

Transverse  section  :  perpendicular  to  the 
long  axis  of  the  animal. 

Longitudinal  section  :  along  the  long  axis 
of  the  animal. 

Sagittal  section  :  median  longitudinal. 
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*  Systematic  position  of  animals  : 

Make  sure  to  know  the  exact  systematic 
position  of  the  different  animal  models  as 
follows : 

-  Kingdom 

-  Phylum 

-  Subphylum 

-  Class 

-  Order 

-  Farqily 

-  Genus 

-  Species 

The  scientific  name  of  each  animal  is  com¬ 
posed  of  two  parts,  the  genus  and  speeies  to 
which  it  belongs. 

e.  g. :  The  maculated  toad  {Bufo  regularis  ) 

Genus :  Bufo 

Species  :  regularis 
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THE  MACULATED  TOAD 
(BUFO  REGULARJS ) 

There  are  different  kinds  of  toads,  the  most  U \  ^  j.  £\y\  jlj-j. 

common  of  which  in  Egypt  is  the  maculated  ^yJl  (  CsJ^ll  )  *UJ )\  .all 

toad,  Bufo  regularis.  It  is  mostly  prevailing  in  ^  LJb  ^.1 — t^jJt  ijj—aj 

the  fields  and  river  banks.  This  type  is  usually  .  £ yJl  *,1^11 }  J^iJI 

used  for  practical  studies. 

Its  systematic  position  is  as  follows  :  :  JU1I  <1^1  ^ 


-  Species  :  regularis 

-  Genus :  Bufo 

-  Family  :  Bufonidae 

-  Order :  Anura 

-  Class :  Amphibia 


Sjt  ’■  u-*-  ~ 

:  4  — 

oLLiVll  :  *-Sj  ~~ 
oLiL 'J\  :  iiU  - 


-  Subphylum  :  Vertebrata  oyiill ;  - 

-  Phylum  :  Chordata  oLL*JI :  - 


1-  THE  EXTERNAL  FEATURES 

Examine  a  living  toad  and  notice  that  it  is 

characterized  by  the  following  features  : 

-  The  body  consists  of :  head,  trunk,  and  four 
limbs.  There  is  no  sharp  distinction  between 
the  head  and  the  trunk.  No  distinct  neck 
region. 

-  The  body  surface  is  rough  due  to  the  pres¬ 
ence  of  certain  warts.  The  colour  of  the  skin 
varies  on  the  upper  (dorsal)  side  according 
to  the  animal  habitat,  while  it  is  faint  and 
rather  soft  on  the  lower  (ventral)  side. 

-  Also  notice  that  the  skin  is  moist  and  slimy 
due  to  the  presence  of  mucous  glands. 

-  Notice  also,  the  regular  movement  of  the 
lower  surface  of  the  mouth  (buecal)  cavity, 
up  and  down,  which  is  one  of  the  respirato¬ 
ry  processes  in  this  animal. 

-  Identify,  two  pulsating  lymph  hearts  in  the 
living  toad,  one  on  either  side  of  the  uros- 
tyle;  the  posterior  most  part  of  the  animal. 
Examine  the  specimen  after  being  anaesthe- 
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tized  by  one  of  the  two  following  methods: 

A)  Pin  the  tip  of  the  needle  in  the  dorsal  side 
between  the  end  of  the  head  and  the  first 
part  of  the  trunk  to  stop  the  activity  of  the 
central  nervous  system. 

B)  Put  the  animal  in  a  closed  container  con¬ 
taining  a  piece  of  cotton  wetted  with  a  nar¬ 
cotic  material  such  as  ether  or  chloroform. 

*  The  Head 

The  head  is  triangular  in  shape,  being  dor- 

soventrally  compressed.  The  head  bears  the 

following  structures : 

-  A  wide  terminal  mouth  opening. 

-  Two  external  nares  (nostrils)  above  the  an¬ 

terior  tip  of  the  head. 

-  A  large  protruding  eye,  on  either  side  of  the 
head.  Each  eye  has  an  upper  thick  immov¬ 
able  eyelid,  a  lower  thin  transparent  mova¬ 
ble  eyelid  and  a  nictitating  membrane. 

-  Notice  that  the  iris  has  a  golden  colour,  and  in  its 

centre  is  the  eye-pupil. 

-  Behind  the  eye  lies  a  dark  flattened  circular 
ear  drum  (tympanic  membrane)  covering 
the  middle  ear. 

-  Notice  the  presence  of  the  parotoid  gland 
which  is  represented  by  an  elevated  area 
just  behind  each  ear  drum.  When  this  gland 
is  squeezed  by  a  blunt  forceps,  it  exudes  a 
viscid  milky  substance,  but  care  must  be 
taken  to  keep  your  eyes  away  from  this 
harmful  material. 

-  In  males,  the  subgular  (the  outer  lower  area 
of  the  mouth  cavity)  area  is  black  due  to  the 
presence  of  two  vocal  sacs,  but  it  is  whitish 
in  females.  By  this  feature,  we  can  differen¬ 
tiate  externally  between  the  two  sexes. 
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*  The  Trunk 


The  trunk  of  the  toad  is  short  and  compact, 
tapering  off  posteriorly  in  the  position  of  the 
urostyle  (the  end  of  the  vertebral  column).  Ob¬ 
serve  the  following  structures : 

-  The  cloacal  opening  at  the  posterior  extremi¬ 

ty  of  the  trunk. 

-  One  pair  of  pentadactyle  fore  limbs  .  Each 
•  limb  consists  of  an  upper  arm  (brachium), 

fore  arm  (antebrachium)  ,  and  hand 
(manus).The  manus  is  formed  of  the  wrist 
(carpus) ,  palm  (metacarpus)  and  4  fingers 
(digits) . 


-  Notice  the  presence  of  two  small  horny  pads 
on  the  ventral  side  of  each  hand  (weaken  the 
shock  on  alighting  on  the  leaping). 

-  One  pair  of  pentadactyle  hind  limbs  which 

are  much  longer  than  the  fore  limbs  and  are 
adapted  for  leaping.  Each  limb  consists  of 
three  parts,  the  thigh  (femur),  tjie  shank 
(crus)  ,  and  foot  (pes).  The  pes  is  distin¬ 
guished  into  ankle  (tarsus),  sole 
(metatarsus),  and  five  toes  (digits).  The 
toes  are  connected  by  a  broad  thin  web  that 
helps  in  swimming  while  the  toad  is  found 
in  water.  Besides,  vestigial  thumb  (calcar) 
or  prehallux  is  present. 

2  -  THE  BUCCOPHARYNGEAL 
CAVITY 

-  Open  the  mouth  and  place  a  matchstick  be¬ 
tween  the  internal  tips  of  the  two  jaws  to 
keep  the  mouth  open. 

-  Notice  the  following  : 

-  There  is  no  separation  between  the  buccal 

and  pharyngeal  cavities. 
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-  In  the  floor  of  the  buccal  cavity  a  slimy  and 
rather  long  tongue  is  attached  by  its  anterior 
end  to  the  anterior  tip  of  the  lower  jaw.  It 
can  be  everted  and  protruded  outside  to  ena¬ 
ble  catching  of  the  preys. 

-  Two  internal  nares  at  the  internal  anterior 
end  of  the  upper  jaw  . 

-  Two  openings  of  Eustachian  tubes,  one  on 
each  side  of  the  mouth  cavity,  in  the  region 
of  articulation  of  the  upper  and  lower  jaws. 
Each  opening  leads  to  the  outer  ear  drum  or 
tympanic  membrane.  When  this  opening  is 
pierced  by  a  pin  or  needle  it  will  pass  out 
through  the  ear  drum. 
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-No  teeth  are  found  on  the  jaws. 

-  Pull  the  tongue  outside  to  observe  the  pres¬ 
ence  of  a  slit  like  opening  "the  glottis"  lead¬ 
ing  to  a  small  prominent  respiratory  cham¬ 
ber  (the  laryngotracheal  chamber).  This 
chamber  is  guarded  by  two  small  pieces  of 
cartilages  (the  arytenoid  cartilages),  one  on 
either  side  of  this  chamber. 

-  A  transverse  wide  opening  which  leads  to  the 

oesophagus  (the  oesophageal  opening) . 

-  Notice  the  presence  of  the  protruding  floor 
of  the  two  eye-balls. 

-  In  the  male  only,  there  is  a  slit  -  like  aperture 
(opening  of  the  vocal  sac)  on  either  side  of 
the  lower  jaw. 
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1>$I  ^UVI  (jjiaf  JoIa 

Right  fore-limb  (ventral  view) 


yiliJl  *-ijhU  t* -A^ 

Right  hind-limb  (dorsal  view) 


Right  internal  naris 
AjliljS  OAl 


Floor  of  eyeball 
AJidi  £li 

Right  opening  of 
Eustachian  tube 
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Opening  of  oesophagus 

'jj* 11  Aiii 


Right  opening  of  vocal  sac 

(j-*J  Aajl 


Arytenoid  cartilage 


Submaxillary  gland 
AjlUl  »ddl 

Upper  jaw 
jjkA  din 

Golden  yellow  iris 
A#*j  f 
Eye-pupil 

oM 

Position  of  parasphenoid 
bone 

Glottis 

»» 


Tongue 

Ot-IA 


The  buccopharyngeal  cavity  (opened) 
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3-  THE  MUSCULAR  SYSTEM 

-  Place  the  toad  on  its  back  in  the  dissecting 
dish  and  fasten  the  fore  and  hind  limbs  by 
pins,  being  directed  forwards  in  the  fore 
limbs  and  backwards  in  the  hind  limbs,  to 
make  sure  that  the  toad  will  remain  fixed 
during  dissection  and  examination. 

-  Cover  the  animal  body  completely  with 
water. 

-  Hold  the  posterior  tip  of  the  skin  with  the 
forceps  by  your  left  hand  in  the  region  of 
cloaca  (point  B  as  shown  in  figure).  Cut 
through  the  skin  with  the  scissors  in  the 
midventral  line  to  the  anterior  tip  of  the 
lower  jaw  B  -»  A.  (Fig.  A). 

-  Cut  the  skin  along  the  fore  limbs  to  their 
ends  (C  — >  D),  and  (C  — »  D'),  and  along 
the  hind  limbs  also  to  their  ends  (B  — »  E, 
and  B  -» E’). 

-  Pull  the  skin  and  separate  it  from  the  under¬ 
lying  muscles  by  a  sharp  scalpel.  Hold  the 
inner  edge  of  either  flaps  of  the  cut  skin  and 
separate  it  carefully  from  the  underlying 
muscles  and  fix  them  by  outwardly  directed 
pins  fastened  to  its  anterior  and  posterior 
parts. 

Examination  of  the  ventral  muscles  : 

To  distinguish  these  muscles  from  each 
other  it  is  much  preferable  to  use  toads  kept  in 
70-80%  alcohol  for  about  half  an  hour,  before 
dissection. 

Notice  that  these  muscles  include  the  fol¬ 
lowing  categories. 
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A)  Muscles  of  the  lower  jaw  : 

*  A  small  single  anterior  intermandibularis. 


*  Two  posterior  intermandibularis  muscles 
extending  transversally  behind  the  previous 
muscle. 

B)  Thoracic  muscles : 

There  are  three  sets  of  pectoral  muscles  on 
each  side : 

*  Anterior  pectoralis 

*  Middle  pectoralis 

*  A  large  fan  -  shaped  posterior  pectoralis, 
with  posterior  broad  end. 

Notice  that  the  xiphoid  cartilage  lies  me¬ 
dially  between  the  posterior  and  middle  pector¬ 
alis  muscles. 

C)  Abdominal  muscles  : 

*  Two  internal  muscles  extending  just  behind 
the  xiphoid  cartilage  to  the  posterior  end  of  the 
animal,  the  rectus  abdominus.  Between  the  in¬ 
ternal  edges  of  the  two  muscles  is  a  white  lon¬ 
gitudinal  line,  the  linea  alba.  Each  muscle  is 
marked  transversally  into  4  distinct  regions  by 
3  wavy  horizontal  lines  (tendinous  intersec¬ 
tions). 

*  An  obliquus  externus  muscle  runs  laterally 
on  either  side  of  the  abdomen  with  its  muscle 
fibers  running  in  an  oblique  manner. 

D)  Muscles  of  the  hind  limbs  : 

Thigh  muscles  comprise  the  following  ones 
from  outside  inwards : 

-  Vastus  internus 

-  Adductor  longus 

-  Sartorius,  characterized  by  its  ribbon-like 
appearance. 

-  Adductor  magnus. 
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•  Gracilis  minor 

-  Cutaneo-cruralis,  present  mostly  between 

the  thigh  and  the  skin  in  the  form  of  fine  fi¬ 
bres  stretched  on  the  neighboring  parts  of 
the  skin . 

Shank  muscles,  also  from  outside  inwards 
include : 

•  Tibialis  antlcus 

-  Extensor  cruris  brevis 

-  Tibialis  posticus 

-  Gastrocnemius,  with  its  middle  part  marked¬ 

ly  swollen  forming  what  is  known  as  the 
belly  of  the  muscle.  Its  end  extends  as  a 
tough  elastic  part  called  Achilles  tendon  , 
attached  to  the  digits  of  the  foot. 


.  jjUM  jJM  l+UJ  ^1  i^UI  - 

(  J]  jl  -H 

u > 

iyuaJUiUl  Ux^Ul  - 
lyiU-l  - 

Ui'j  3  j>\  i.ilrljll  iJLjuJl  — 

(j-V-l  jJj)  Jr*  iSjj  liU-*) 


-27- 


Ventral  superficial  muscles 
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4  -  THE  GENERAL  VISCERA 


Dissecting  Procedure : 

Pin  the  toad  on  its  dorsal  side  in  the  dis¬ 
secting  dish  and  dissect  the  skin  as  before.  Ob¬ 
serve  the  anterior  abdominal  vein  lying  in  the 
middle  of  the  posterior  portion  of  the  abdomi¬ 
nal  wall.  Make  two  small  incisions  through  the 
posterior  part  of  the  abdominal  muscles  on  ei¬ 
ther  side  of  the  anterior  abdominal  vein.  Cut 
anteriorly  on  both  sides  till  the  anterior  end  of 
the  vein,  thus  leaving  a  small  strip  of  muscles 
to  which  the  vein  is  attached  underneath.  Tie 
the  strip  at  its  anterior  and  posterior  ends  and 
cut  in  between.  Remove  the  lateral  flaps  of  the 
abdominal  muscles.  Cut  through  the  middle  of 
the  pectoral  girdle  and  pull  the  fore  limbs 
apart  from  each  other  and  pin  them  again,  thus 
exposing  the  heart.  Cut  vertically  through  the 
middle  of  the  pelvic  girdle  (symphysis  pubis) 
with  a  sharp  scalpel,  taking  care  not  to  injure 

the  underlying  organs.  Pul]  the  two  hind  limbs 
apart  to  expose  the  cloaca,  and  pin  them  again 
in  their  new  position.Wash  and  add  new  water. 

Examine  the  general  viscera  to  notice  the 
following  parts  :  The  two  lungs,  the  heart 
enclosed  in  a  thin  membrane  (pericardium), 
liver,  gall  bladder,  stomach,  intestine, 
kidneys,  fat  bodies,  the  gonads  (testes  or 
ovaries)  and  the  urinary  bladder. 
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CijLSadl  (p  u^i t  £■“*> 

How  to  set  free  the  anterior  abdominal  vein  from  the  muscles 


(jjUJl  JUjjYI  Jaji  4*1*1  jwij*  r*j  (v  ‘  ') 

(a  &  b)  How  to  cut  the  pubic  symphysis 
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5-  THE  DIGESTIVE  SYSTEM 


^0  inftll jl—AaJI-0 


Proceed  in  dissection  exactly  following  the 

same  steps  as  those  of  the  general  viscera.  Cut 

gently  through  the  mesenteries  attaching  the 

coils  of  the  small  intestine  together. 

Observe  the  following  structures  : 

-  The  oesophagus,  a  small  muscular  tube  ex¬ 
tending  from  the  oesophageal  opening  in  the 
buccopharyngeal  cavity. 

-  The  stomach,  is  a  thick  -  walled,  slightly  di¬ 
lated  portion  of  the  alimentary  tube,  distin¬ 
guished  into  a  rather  wide  anterior  cardiac 
portion  near  the  oesophagus  and  a  narrower 
posterior  pyloric  portion  leading  to  the  in¬ 
testine. 

-  The  duodenum,  represents  the  anterior  part 
of  the  intestine  and  forms  a  U-shaped  loop 
with  the  stomach,  in  which  the  hepato¬ 
pancreatic  doct  opens . 

-  The  ileum,  a  long,  much  coiled  tube,  follow¬ 

ing  the  duodenum. 

-  The  large  intestine  (rectum),  a  distinctly 
short,  wide  and  straight  tube  ending  by  the 
cloaca  which  opens  to  the  exterior  by  the 
cloacal  opening . 

-  The  pancreas  is  creamy  in  colour,  lying  be¬ 
tween  the  stomach  and  the  duodenum. 

-  The  liver  is  a  large  dark  red  bilobed  organ. 
The  left  lobe  is  larger  than  the  right  one  and 
is  deeply  clefted.  The  two  lobes  are  con¬ 
nected  together  by  a  small  sheet  of  liver  tis¬ 
sue,  the  isthmus . 
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-  The  gall  bladder ,is  situated  posterior  to 
the  isthmus,  close  to  the  right  lobe.  Notice  the 
presence  of  two  fine  short  hepatic  ducts  one 
from  each  lobe,  and  a  third  obe  (the  cystic 
duct).  The  three  ducts  unite  together  forming  a 
common  hepatic  duct  extending  in  the  pan¬ 
creas.  It  receives  a  small  pancreatic  duct  form¬ 
ing  a  small  hepatopancreatic  duct  which 
opens  at  the  beginning  of  the  duodenum. 
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Cloaca 


6-  THE  URINOGENITAL  SYSTEM 


Dissect  the  toad  as  before,  exposing  the 
general  viscera.  Tie  the  rectum  near  its  con¬ 
nection  with  the  ileum,  and  cut  it  in  front  of  the 
tie.  Pin  down  the  cut  end  of  the  rectum.  Re¬ 
move  the  whole  digestive  system.  Expose  the 
cloaca  as  before. 

Examine  the  urinogenital  system  and  notice 
the  following : 

-  The  kidneys,  are  two  elongated  reddish 
brown  compact  bodies  with  an  even  outer  bor¬ 
der  and  a  lobulated  inner  one.  Observe  the  ad¬ 
renal  bodies  which  consist  of  small  patches  of 
yellow  tissue  lying  on  the  inner  ventral  surface 
of  the  kidneys,  representing  the  adrenal  or  su¬ 
prarenal  gland.  Each  kidney  is  surrounded  by 
a  large  lymph  space,  the  cistema  magna.  It  is 
limited  externally  by  a  thin  membrane  which 
separates  this  cavity  from  the  general  body 
cavity  (coelom). 

-  The  Wolffian  duct,  a  narrow  tube,  ex¬ 
tending  along  the  outer  side  of  each  kidney  and 
opens  on  the  dorsal  side  of  the  cloaca. 

Notice  that  in  the  male,  the  posterior  part 
of  the  wolffian  duct  enlarges  to  form  the  semi¬ 
nal  vesicle.  Both  ducts  narrow  again,  run  side 
by  side  in  the  median  line  and  open  separately 
on  the  dorsal  side  of  the  cloaca. 

-  In  both  sexes,  the  urinary  bladder  is  bi- 
lobed,  membranous  sac,  connected  to  the  dor¬ 
sal  body  wall  by  thin  mesenteries  and  opens 
into  the  ventral  side  of  the  cloaca. 

In  the  male  notice  the  following  : 

The  testis  is  an  elongated  yellowish  white 
body  extending  near  the  inner  border  of  the 
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Fat-body  ^yyJl 


Bidder's  organ  yjx- 
Wolffian  duct  !U 

Right  kidney  1/i«a»  i>KJl 


Rectum 


Urinary  bladder 
laid) 


Left  kidney  jj-all  i*isit 
Left  testis  j  ,--f- 
Mesorchium  vis  UjjUi 
Adrenal  gland  a^lSS  jl+  »JJI 
Vasa  efferentia  5 .pt-al 
Vesicnla  seminalis  <LajiJI 
Cloaca  Jjidl ' 

Cloaca!  opening  JjU  *^A 
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The  Male  urinogenital  system 


Internal  opening  of  oviduct 


Right  lung 
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The  Female  urinogenital  system 
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corresponding  kidney,  being  connected  to  it  by 
a  thin  membrane  (the  mesorchium)  .  Notice 
the  presence  of  4-5  fine  tubules,  the  vasa  effe- 
rentia  extending  from  the  testis  to  the  kidney 
across  the  mesorchium  to  carry  the  sperms 
from  the  testis  to  the  kidney. 

Thus,  the  Wolffian  duct  acts  as  a  urino- 
genital  duct  conveying  both  urine  and  sperms. 

-  Each  testis  is  connected  anteriorly  to  yellow¬ 
ish  finger  -  like  projections,  the  fat  -bodies. 

At  the  base  of  the  fat  -  bodies,  there  is  a 
small  reddish  structure,  Bidder's  organ. 

In  the  Female  notiee  the  presenee  of : 

-  The  ovary  is  paired  and  occupies  the  same 
position  as  the  testis.  Its  size  and  eolour 
vary  according  to  the  breeding  seasons;  in 
spring  and  summer  periods,  it  is  large  in 
size  and  blackish  in  colour  due  to  the  pres¬ 
ence  of  extensive  numbers  of  dark  ova.  In 
the  hibernating  season  it  appears  as  a  small  - 
sized  yellowish  organ. 

-  Each  ovary  is  connected  to  the  correspond¬ 
ing  kidney  by  thin  mesenteries,  the  meso- 
varium. 

-  The  oviducts,  two  tightly  coiled  tubes  ex¬ 
tending  forwards  near  the  exterior  side  of 
the  kidneys  to  most  part  of  the  body  eavity. 

-  Try  to  follow  their  anterior  most  ends  in  the 
form  of  two  funnel-shaped  internal  open¬ 
ings  at  the  bases  of  the  anterior  ends  of  the 
lungs.  The  posterior  end  of  each  oviduet  is 
swollen  forming  a  membranous  ovisac.  The 
two  ovisacs  end  by  two  short  narrow  tubes 
which  join  together  at  a  common  opening 
on  the  dorsal  side  of  the  cloaea. 

-  Also,  notice  the  presence  of  the  fat  -  bodies 
and  vestigia]  Bidder's  organ  attached  to  the 
anterior  edge  of  the  mesovarium. 
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7-  THE  CIRCULATORY  SYSTEM 

It  consists  essentially  of : 

A  -  The  heart. 

B  -  The  venous  system  (portal  and  proper) 

C  -  The  arterial  system. 

A  -  The  Heart : 

The  heart  is  roughly  pear  -  shaped,  and  it 
as  well  as  the  roots  of  the  large  vessels  con¬ 
nected  to  it,  are  completely  surrounded  by  a 
membranous  coat,  the  pericardium. 

The  heart  is  5-chambered  and  consists  of : 

-  A  thin  -  walled  sinus  venosus  lying  dorsally. 

-  The  left  and  right  atria  or  auricles  laying  an¬ 

teriorly,  with  thin  muscular  walls. 

-  A  conical  thick  -  walled  ventricle  lying  pos¬ 
teriorly,  and  has  thick  muscular  walls. 

-  A  short  tubular  truncus  arteriosus  extending 

along  the  ventral  side  of  the  right  auricle. 

-  Notice  the  presence  of  a  fat  belt  between  the 
two  auricles  and  the  ventricle. 

The  Internal  Structure  of  the  Heart : 

For  the  convenience  of  examining  the  in¬ 
ternal  structure  of  the  heart  reference  is  made 
to  the  dissection  of  the  heart  of  sheep  at  the 
end  of  the  chapter  on  the  rabbit. 

B-  The  Venous  System  : 

-  Veins  -  in  general  -  are  easily  detected  by 
their  dark  red  colour  due  to  their  thin  walls 
compared  to  the  arteries  which  have  thick 
muscular  walls. 

-  Unlike  the  great  majority  of  vertebrate  types, 
two  kinds  of  venous  systems  are  found  in 
the  toad  : 
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*  The  venous  system  proper. 

-  The  venous  portal  system. 

*  The  venous  system  proper 

Pin  the  toad  and  dissect  the  skin  as  usual, 
but  take  care  not  to  pull  the  skin  covering  the 
thorax  or  to  use  the  scalpel  for  releasing  the 
skin  from  the  abdominal  wall  of  that  region,  so 
that  not  to  damage  the  musculocutaneous 
vein.  Expose  this  vein  by  cutting  the  posterior 
pectoralis  muscle  at  its  anterior  narrow  part, 
then  gently  pull  the  muscle  upwards  freeing  it 
from  any  connection  with  the  veins  below.  The 
musculocutaneous  vein  and  its  junction  with 
the  brachial  vein  will  be  exposed.  Now  open 
the  abdominal  muscular  wall,  tie  the  anterior 
abdominal  vein  and  cut  it  as  before.  Remove 
the  pericardium.  Remove  the  alimentary  canal 
from  oesophagus  to  reetum. 

There  are  2  large  anterior  venae  cavae 
(right  and  left)  and  a  posterior  vena  cava. 

To  observe  these  veins  lift  the  tip  of  the  ventri¬ 
cle  upwards  to  observe  the  connection  of 
these  veins  with  the  sinus  venosus. 

-  The  right  and  left  anterior  venae  cavae 
opening  into  the  right  and  left  angles  of  the 
sinus  venosus. 

-  On  either  side,  the  left  anterior  vena  cava 

receives  the  following  3  veins  from  in  front 
backwards : 

1.  External  jugular  vein  formed  of : 
a.  Lingual  vein  from  the  tongue. 


is - 
- 

:  1*4^  * 

frlCI  t  JlLJ'i 

ji*-j  Ljll 

•-Lfc  ^  O Jl  JL2J  Ol 

^jJLvizJl  t  (^»XiL^*i  »Jl 

iLiJl  #-u  t  oa.j.ja.H  jlp 

jl  tin  wll  (Jl  .^j\  j 

« jjb  Ja jjj  (^JUl  ^  ■—  jlU  ,  (J!  1  -h  ~  ^ 

j' ^1)J  ilifc  «La_>  .  *lb  SjjjVl 

Jr-  '-S'  J-Lij  da-/.  jjj 

•Liil  fy\)  p*-*  ;  .*11  t ^Uil . 

:  L—J  • jS  tbyr  5 Jjjf  i yrj  la > -V 

^L«VI  ju^II  — 

j — /VI  J-Adoj  :  j— -jSl  XjjJl  — 

<^j]  — *■>  t^g— J>3i  ^jA 

iiji\  »a>  Jl— JO*-*!  (jSd  (Ji  O-fadl  Ojl» 

j — cr  4^0 

:  ^iUNl  y  oVl 

■■  J'  *jJ-h  O/o,  .  \ 

.^jdl  u*  01— 111  a— jj  — 1)1  — ( 


-39- 


4jH11l  <UmJI  £jj  pm j 

Removal  of  the  pectoralU  posterior  muscle 


i...'..n  <UmJ  £jj  <tiji  g-ijj  (jtijhtl  pm j 

Removal  of  the  vastus  internus  muscle 
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How  to  tie  and  cut  the  left  anterior  vena  cava 
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b.  Fasciomandibular  vein  from  the  lower 
jaw. 

2.  Innominate  vein  formed  of : 

a.  Subscapular  vein  from  the  dorsolateral 
pectoral  region. 

b.  Internal  jugular  vein,  collects  blood 
from  the  brain. 

3.  Subclavian  vein  formed  of : 

a,  Brachial  vein  from  the  fore  limb. 

b.  Musculo-cutaneous  vein  from  the  skin 
and  anterior  muscles. 

-  The  posterior  vena  cava  : 

It  extends  between  the  two  kidneys  and 
opens  into  the  posterior  end  of  the  sinus  ve- 
nosus.  It  is  formed  of  the  following  : 

a.  Renal  veins  :  four  or  five  in  number  from 
each  kidney. 

b.  Genital  veins  :  two  small  veins 
(spermatic  from  the  testis  or  ovarian  in 
case  of  the  ovary).  The  first  one  unites  with 
the  first  renal  vein  and  the  second  one  with 
the  renal  vein  lying  anterior  to  the  last  one. 

After  the  posterior  vena  cava  pierces  the 

isthmus  of  the  liver,  it  receives  a  short  trunk 
on  either  side  the  hepatic  vein  collecting 
blood  from  the  liver. 

-  Besides,  the  venous  system  includes  two 

small  pulmonary  veins,  one  from  each, 
lung.  They  unite  together  forming  a  small 
vein  which  opens  into  the  posterior  part  of 
the  left  auricle  carrying  oxygenated  blood 
from  the  lungs. 

*  The  Venous  Portal  System : 

Dissect  the  toad  as  you  did  before  leaving 
the  anterior  abdominal  vein.  Pull  the  two 
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Heart  vB 


ends  of  the  two  rectus  abdominis  muscles  to 
separate  them  from  the  underlying  parts  to  no¬ 
tice  the  two  pelvic  veins.  Hold  the  most  poste¬ 
rior  end  of  the  rectus  abdominis  muscle  by  the 
forceps  and  cut  it  by  the  tips  of  the  scissors. 
Remove  (he  pericardium  around  the  heart.  Re¬ 
move  the  vastus  internus  muscle  by  cutting  it 
at  its  posterior  end  and  separate  it  carefully 
from  the  adjacent  muscles.  Now  the  femoral 
vein  is  exposed.  Cut  through  the  symphysis 
pubis  (as  indicated  before)  to  expose  the  sciatic 
vein.  Remove  the  cisterna  magna  and  separate 
the  urinary  bladder  from  the  dorsal  body  wall. 

The  porta]  system  has  received  his  name 

because  it  is  formed  of  veins,  each  of  which 
starts  with  a  number  of  fine  blood  capillaries 
which  unite  together  forming  such  a  vein.  This 
vein  enters  a  body  organ(kidney  or  liver  only) 
where  it  is  divided  into  a  number  of  small 
branches.  In  the  mean  time  another  vein  origi¬ 
nates  from  either  organs  also  by  a  number  of 
small  boold  capillaries  carrying  blood  to  the  heart. 

This  system  is  constituted  of  two  parts  : 

Renal  portal  system  and  hepatic  portal 
system 

The  renal  portal  system  is  formed  of  2 

femoral  veins  collecting  blood  from  the  hind 
limb.  It  soon  divides  into  two  branches,  an  in¬ 
ner  one,  the  pelvic  vein  and  an  outer  shorter 
one,  the  external  iliac  vein. 

The  two  pelvic  veins  unite  together  to  form  the 
anterior  abdominal  vein  which  receives  at  its  be- 
genning  a  small  vesical  vein  from  the  urinary  blad¬ 
der.  It  continues  anteriorly  receiving  the  parietal 
veins  which  collect  blood  from  the  dorsal  body  wall 
.  This  vein  ends  at  the  posterior  edge  of  the  isth¬ 
mus.  .  Notice  that  the  parietal  veins  are  cut  off  dur¬ 
ing  the  separation  of  the  anterior  abdominal  vein 
from  the  rectus  abdominis  muscle. 
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Left  lobe  of  liver 
ifili  j~ji\  o-U  ~ 


The  external  iliac  vein  receives  the  sciatic 
vein  collecting  blood  from  the  dorsal  side  of 
the  thigh.  Then  the  two  veins  (external  Iliac 
and  sciatic)  unite  together  forming  the  renal 
portal  vein  which  extends  along  the  outer  sur¬ 
face  of  the  kidney.  It  receives  4-5  dorso  ■  lum¬ 
bar  veins  collecting  blood  from  the  lumbar  re¬ 
gion  (the  hind  part  of  the  body) . 

The  hepatic  portal  system  is  formed 
mainly  of  the  hepatic  portal  vein.  This  vein  is 
produced  by  a  number  of  small  veins  collect¬ 
ing  blood  from  the  stomach  (the  gastric  vein), 
the  spleen  (the  splenic)  and  the  intestinal  vein 
from  the  intestine  and  mesenteries.  The  hepatic 
portal  veinsextends  throughout  the  length  of 
the  pancreas  and  after  that  it  unites  with  the  an¬ 
terior  end  of  the  anterior  abdominal  vein  form¬ 
ing  a  short  trunk  which  divides  into  three  small 
branches,  one  goes  to  the  right  lobe  and  two 
other  ones  enter  the  left  lobe  of  the.  liver. 

C-  The  Arterial  System  : 

Dissect  the  toad,  tie  and  cut  the  anterior 
abdominal  vein  as  usual.  Remove  the  pericar¬ 
dium.  Shift  the  alimentary  canal  to  the  left- 
hand  side  and  pin  it.  Tie  the  left  anterior  vena 
cava  near  the  sinus  venosus  and  then  remove  it 
with  its  branches  to  expose  the  arteries  which 
are  deeply  situated. 

Follow  the  truncus  arteriosus  forwards, 
and  notice  that  before  it  leaves  the  pericardium 
it  divides  into  two  main  trunks,  one  to  the  right 
and  the  other  to  the  left  side  of  the  body.  Each 
trunk  consists  of  3  arches  : 

1.  Carotid  arch  :  This  arch  is  in  turn  -  divided 
into  two  small  arteries : 

a.  Lingual  artery  carrying  blood  to  the  floor  of 
the  mouth  and  the  tongue. 

b.  Internal  carotid  artery  runs  forwards  to 
the  brain.  It  possesses  at  its  base  a  swollen 
part  called  carotid  labyrinth. 
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Carotids.  Lingual  a. 
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2  .  Systemic  arch  :  This  arch  curves  outwards 

and  backwards  to  the  dorsal  side  of  the  body 
cavity,  where  the  two  arches  unite  together 
forming  a  single  dorsal  aorta  which  ex¬ 
tends  between  the  two  kidneys  and  then  di¬ 
vides  into  two  iliac  arteries,  one  to  each 
hind  limb. 

From  either  side  of  the  arch  arise  : 

a.  The  occipitovertebral  artery  which  divides 
into  the  occipital  artery  to  the  posterior  re¬ 
gion  of  the  skull,  and  the  vertebral  artery 
to  the  vertebral  column. 

b.  The  subclavian  artery  is  given  off  to  the 
fore  limb. 

c.  The  oesophageal  artery  is  single  and  de¬ 
rived  from  the  left  systemic  arch  only  to  the 
oesophagus  (pull  the  oesophagus  to  the  left 
side  to  see  it). 

At  the  junction  of  the  two  systemic  arches,  and 
point  of  origin  of  the  dorsal  aorta,  extends  the  coeli- 
aco  mesenteric  artery  which  divides  into  : 

-  The  coeliac  artery  which  supplies  the  stom¬ 

ach,  intestine,  pancreas,  and  liver. 

-  The  mesenteric  artery  supplies  the  small 
and  large  intestines,  the  spleen  as  well  as 
the  mesenteries. 

-  The  dorsal  aorta  gives  off  a  number  of  urin- 
ogcnital  arteries.  Renal  arteries  pass  to  the 

kidneys,  gonadal  arteries  (spermatic  or 
ovarian  artery)  to  the  gonads  and  fat  body 
artery  to  fat  bodies. 

3  .  Pulmo-cutaneous  arch  :  This  arch  bifur¬ 

cates  into  :  Pulmonary  artery  to  the  lung. 
Cutaneous  artery  to  the  skin. 
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8-  THE  RESPIRATORY  SYSTEM  AND 
THE  HYOID  APPARATUS 


jU&SI-A 


The  respiratory  system  consists  of  the  fol¬ 
lowing  essentia]  parts. 

The  Larynx  : 

You  have  already  noticed  during  the  exam¬ 
ination  of  the  buccopharyngeal  cavity,  the 
presence  of  a  prominent  body  in  the  posterior 
part  of  the  floor  of  this  cavity.  This  structure  is 
known  as  the  laryngotracheal  chamber 
(larynx).  It  has  a  narrow  longitudinal  slit-like 
opening,  the  glottis.  The  laryngotracheal 
chamber  is  lying  between  the  two  posterior 
cornua  of  the  hyoid  apparatus  which  will  be 
thereafter  described. 

-  paired  arytenoid  cartilages  one  on  ei¬ 
ther  side  of  the  glottis. 

-  A  ring-like  (cricoid  cartilage)  found  at 
base  of  this  chamber,  from  which  arise  a  pair 
of  pulmonary  processes,  projecting  into  the 
base  of  the  two  lungs. 

The  vocal  cords  :  To  see  these  2  cords,  ci.* 
and  open  vertically  the  laryngotracheal  cham¬ 
ber. 

-  There  are  2  thick  cords  extending  trans- 
versally,  by  the  vibration  of  which  ,  the  croak 
of  the  toad  is  produced.  In  males,  a  white  and 
large  cartilaginous  ball  is  attached  to  each  vo¬ 
cal  cord.  It  is  much  smaller  in  females  than  in 
males. 


The  Hyoid  Apparatus  : 

To  observe  this  structure  remove  the  skin 
and  muscles  of  the  lower  jaw.  It  consists  of  the 

hyoid  body,  anterior  and  posterior  cornua, 
alary  processes,  and  posterolateral 
processes. 

The  Lungs : 

-  At  each  side  of  the  laryngotracheal  cham¬ 
ber  a  lung  is  located,  which  is  a  reddish  spongy 
structure.  The  wall  of  the  lung  is  thin  only 
slightly  muscular,  and  supplied  with  many  ca¬ 
pillaries.  Internally,  it  is  distinguished  into 
small  chambers  or  alveoli . 
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The  respiratory  system  and  hyoid  apparatus 


-49- 


9-  THE  NERVOUS  SYSTEM 


in  mtrJI  jl  —  ft-), 1 1  -H 


The  nervous  system  is  composed  of : 

1  .  The  central  nervous  system  which 
consists  of  the  brain  and  the  spinal  cord. 

2  .  The  peripheral  nervous  system  which 
comprises  the  cerebral  nerves  extending  from 
the  brain  and  the  spinal  nerves  from  the  spinal 
cord. 

3  .  The  autonomic  nervous 
(sympathetic)  system. 

The  Central  Nervous  System 
The  Brain  (  dorsal  side) : 

Lay  a  toad  that  has  been  preserved  in  for¬ 
malin,  on  its  ventral  side,  with  its  baek  up¬ 
wards,  and  pin  it  firmly  in  the  dissecting  dish. 
To  remove  the  skin  of  the  head  make  trans¬ 
verse  cut  at  the  end  of  the  head  and  then  take 
away  the  whole  skin  in  this  area.  Put  the  scal¬ 
pel  over  the  longitudinal  median  line  and  press 
gently  till  the  roof  of  the  skull  (cranium)  is  cut 
open.  Remove  the  bones  from  the  roof  of  the 
cranium  and  cut  them  off.  The  dorsal  side  of 
the  brain  is  thus  exposed. 

Examine  the  brain  from  the  dorsal  surface 
and  identify  the  following  3  major  parts  : 

-  The  fore  -  brain  ,  The  mid  -  brain  ,  The 
hind  -  brain . 


-  The  Fore-brain : 

This  part  comprises  mainly  :  the  Olfactory 
lobes,  cerebral  hemispheres,  and  thalamen- 
cephalon. 

-  The  olfactory  lobes  are  relatively  small 
club-shaped  bodies. 

-  Both  cerebral  hemispheres  are  triangu¬ 
lar  lobes,  they  are  separated  from  each  other  by 
a  median  fissure. 
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How  to  remove  the  bones  from  the  roof  of  the  cranium 
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The  brain 
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-  The  thalamencephalon  is  narrow  part 
and  bears  the  pineal  body  (epiphysis). 

The  Mid-brain : 

This  part  is  composed  mainly  of  two  optic 
lobes  which  are  well  developed  and  take  the 
form  of  two  rounded  swellings  lying  on  the 
dorsal  side  of  the  brain. 

The  Hind-brain : 

-  This  region  includes  the  cerebellum  and 
medulla  oblongata. 

-  The  cerebellum  is  a  narrow  band  situated 
behind  the  optic  lobes. 

-  The  medulla  oblongata  is  a  short,  thick 
region  merging  without  distinct  boundary  with 
the  spinal  cord. 

-  The  cerebral  cavities  (ventricles) :  There 
are  four  cavities  found  in  certain  parts  of  the 
brain,  comprising  the  following  :  two  lateral 
ventricles  within  the  two  cerebral  hemi¬ 
spheres.  A  third  ventricle  lies  in  the  tjialamen- 
cephalon.  The  fourth  ventricle  is  found  in  the 
medulla  oblongata. 

The  Brain  (ventral  side) : 

Cut  the  roots  of  the  cranial  nerves  to  separ¬ 
ate  the  brain  from  the  bones  of  the  skull.  Insert 
a  fine  scalpel  below  the  brain,  then  transfer  the 
whole  brain  to  a  petri-dish  on  its  dorsal  side. 
Examine  the  brain  from  the  ventral  side  and 
identify  the  folowing  structures  : 

-  The  fore-brain  :  cerebral  hemispheres 
-  olfactory  lobes  -  infundibulum  -  thalamen¬ 
cephalon  -  pituitary  gland  -  optic  chiasma. 

-  The  mid-brain  :  two  optic  iobes-crura 
cerebri, 

-  The  hind-brain  :  the  cerebellum- 
medulla  oblongata. 
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The  Cranial  Nerves  : 

These  include  ten  pairs  of  nerves,  which 
pass  through  certain  foramina  in  the  skull 
walls.  These  are  : 

1  .  Olfactory  :  a  sensory  nerve  extends 
from  the  olfactory  lobe  to  the  olfactory  epithe¬ 
lium. 

II.  Optic  :  a  sensory  nerve  from  the  poste¬ 
rior  end  of  the  fore-brain.  The  two  nerves  cross 
each  other  forming  the  optic  chiasma.  They 
supply  the  eyes. 

III.  Oculomotor  :  a  motor  nerve  from  the 
mid  brain  to  the  external  eye  muscles. 

IV.  Trochlear  :  a  motor  nerve  from  the 
medulla  oblongata  to  the  superior  oblique  mus¬ 
cle  of  the  eye. 

V.  Trigeminal  :  a  three-branched  motor 
nerve  innervating  the  muscles  of  the  upper  and 
lower  jaws. 

VI.  Abducens  :  a  motor  nerve  innervating 
the  posterior  rectus  muscle  of  the  eye. 

VII.  Facial  :  innervating  the  scalp  face, 
roof  of  the  mouth  and  salivary  glands. 

VIII.  Auditory  :  a  sensory  nerve  innervat¬ 
ing  the  inner  ear, 

IX.  Glossopharyngeal  :  innervates  the 
tongue  and  pharynx. 

X.  Vagus  :  extends  in  many  internal  or¬ 
gans  such  as,  heart ,  lungs,  and  stomach. 

The  Spinal  Nerves  and  The  Sympathetic 
Nervous  System 

Dissect  the  toad  in  the  usual  way.  Remove 
carefully  the  general  viscera,  the  heart,  the 
lungs,  alimentary  canal,  kidneys,  reproductive 
organs  and  cisterna  magna  in  order  to  expose 
the  spinal  nerves  and  the  sympathetic  chain. 
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These  nerves  extend  from  the  spinal  cord 
and  pass  out  through  inter-vertebral  foramina. 
They  include  the  following  : 

-  The  hypoglossal  nerve  (first  spinal) 
originates  from  the  spinal  cord  between  the 
first  and  the  second  vertebrae  and  runs  for¬ 
wards  underneath  the  hyoid  muscles  to  the 
tongue. 

-  The  brachial  nerve  (second  spinal)  is 
very  large  and  leaves  the  spinal  cord  between 
the  second  and  third  vertebrae  and  runs  to¬ 
wards  the  fore-arm. 

-  The  third  spinal  nerve  leaves  the  spinal 
cord  between  the  third  and  the  fourth  verte¬ 
brae.  Notice,  the  brachial  plexus  is  formed  by 
fusion  of  the  second  and  third  spinal  nerves  to 
supply  the  shoulder  muscles. 

-  The  fourth,  fifth,  and  sixth  spinal 
nerves  extend  between  the  successive  verte¬ 
brae.  They  are  small  nerves  supplying  the  mus¬ 
culature  and  skin  of  the  body  wall. 

-  The  seventh,  eighth  and  ninth  spinal 
nerves  are  much  larger  and  together  form  the 
sciatic  plexus  (sacral  plexus). 

Beyond  the  plexus  is  a  large  sciatic  nerve 
which  runs  down  the  thigh. 

-  The  tenth  spinal  nerve  (coccygeal 
nerve)  is  very  much  smaller  than  the  others;  it 
emerges  through  a  small  foramen  in  the  uros- 
tyle  near  its  anterior  end.  It  gives  fine  branches 
to  the  bladder  and  cloaca,  and  also  contributes 
by  a  small  branch  to  the  sciatic  plexus. 

The  Sympathetic  Nervous  System 

This  system  consists  of  2  longitudinal  chains 
(sympathetic  chains)  of  nervous  tissue  lying  on  ei¬ 
ther  side  of  the  vertebral  column.  Each  chain  car¬ 
ries  ten  swellings;  the  nerve  ganglia  (lateral  gan¬ 
glia)  or  sympathetic  ganglia.  Each  ganglion 
connects  with  the  corresponding  spinal  nerve  by  a 
short  nerve  known  as  the  ramus  communicans. 
From  these  ganglia,  nerves  are  given  to  the  viscera 
and  blood  vessels. 
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Brachial  plexus 
Right  sympathetic  chain 

Lateral  sympathetic  ganglion 

Ramus  communicans 
J-*>*Ej* 


First  spinal  nerve  (hypoglossal) 
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Second  spinal  nerve  (brachial) 


J’hird  spinal  nerve 
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Sciatic  nerve 
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Spinal  nerves  and  sympathetic  chain 
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10  -  THE  SKELETAL  SYSTEM 

Preparation  of  the  skeleton  :  Dissect  the 
toad  to  remove  all  the  internal  organs,  leaving 
the  pectoral  girdle  intact  and  also  remove  the 
whole  skin. 

-  Put  the  toad  in  boiling  water  for  a  few 
minutes,  then  remove  all  the  muscles  leaving 
the  bones  only. 

-  Let  the  skeletal  pans  to  dry  and  then  put 
them  in  a  sufficient  amount  of  H2O2  to  make 
the  bones  clean  and  bright  and  ready  for  exam¬ 
ination. 

As  in  all  vertebrates,  the  toad  skeleton  con¬ 
sists  of  two  chief  parts  :  (a)  the  axial  skeleton 
comprising  the  skull,  vertebral  column  and 
sternum  (b)  the  appendicular  skeleton,  in¬ 
cluding  the  limbs  and  their  supporting  parts, 
the  girdles. 
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The  Axial  Skeleton 

It  includes  the  skull  ,  vertebral  column  and 
sternum 

I  -  The  skull 

-  It  is  formed  of  two  symmetrical  halves 
and  can  be  most  conveniently  considered  under 
the  following  items : 

1  .  The  cranium  (brain  box)  enclosing  the 
brain. 

2  .  The  sense  capsules  (olfactory,  optic 
and  auditory). 

3  .  The  jaws. 

4  .  The  hyoid  apparatus. 

Examine  the  dorsal  surface  of  the  skull  to 
notice  the  following : 

The  median  bones  : 

-  The  frontal  bones  meet  in  the  middle 
line  of  the  roof  of  the  cranium. 

-  Nasal,  a  broad  triangular  bone  covering 
the  olfactory  capsule  from  above. 

-  Premaxilla,  a  small  bone. 

-  Septomaxillary,  a  small  bone  lying  near 
the  edge  of  the  nasal 

Notice  the  following  bones  on  the  outer 
border : 

-  Quadrate  bone,  a  small  cartilaginous 

bone  attached  to  a  hammer-shaped  bone, 

the  squamosal  and  also  jointed  with  the 

quadratojugal. 

-  Maxilla,  an  outer  large  bone  following 
the  premaxilla. 

The  Occipital  Ring : 

This  is  a  ring  of  bones  at  the  hinder  most 
part  of  the  skull,  comprised  of : 
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-  Two  occipital  condyles  which  are  two 
prominent  swellings  one  on  either  side  of  a 
wide  opening,  the  foramen  magnum  through 
which  the  first  part  of  the  spinal  cord  passes  to 
continue  its  path  inside  the  vertebral  colmun. 

-  Two  exoccipital  bones  near  the  occipital 
condyles  , 

Note,  the  prootic  bone  encloses  the  mem¬ 
branous  labyrinth  of  the  inner  ear,  and  lying  at 
some  distance  from  the  occipital  condyle. 

The  Ventral  View : 

Now  turn  the  skull  to  show  the  bones  of 
the  ventral  side  which  were  not  seen  from  the 
dorsal  view. 

The  median  bones : 

-  Parasphenoid,  a  single  median,  inverted 
T-shaped  bone  lying  at  the  floor  of  the  fron- 
tals. 

-  Sphenethmoid,  a  single  median,  box¬ 
shaped  bone  lying  posterior  to  the  vomers. 

-  Vomer,  a  small  bone  lying  ventral  to  the 
nasal. 

-  Palatine,  a  slender  bone  extending  trans¬ 
versely  from  the  sphenethmoid  to  the  outer 
edge  of  the  skull,  forming  the  anterior  edge  of 
the  orbit. 

-  Pterygoid,  inverted  Y-shaped  bone.  Its 
anterior  process  is  attached  to  the  maxilla  and 
forms  the  outer  border  of  the  orbit.  The  outer 
posterior  arm  is  attached  to  the  quadrate  and 
the  inner  to  the  parasphenoid. 

Notice  that  the  outer  margin  of  the  skull 
consists  of  quadrate,  quadratojugal,  maxilla 
and  premaxilla,  (as  seen  from  the  dorsal  side). 
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Dorsal  View  of  the  Skull 
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The  Lower  Jaw ; 

It  is  formed  of  two  halves  (rami)  (sing  .  ra¬ 
mus)  each  consists  of  mentomeckalian,  den¬ 
tary  and  angulospleniai  bones.  The  two 
halves  meet  anteriorly  at  the  symphysis  men¬ 
tis.  It  sould  be  noted  that  the  teeth  are  entirely 
absent  from  the  maculated  toad. 

The  Hyoid  Apparatus 

You  studied  this  apparatus  which  serves  to 
support  the  lower  part  of  the  mouth  cavity.  It 
was  described  before  in  the  respiratory  system. 

II  -  The  Vertebral  Column 

-  It  consists  of  nine  vertebrae,  at  the  hin¬ 
der  end  of  which  is  found  a  slender  shaft  of 
bone  termed  the  urostyle. 

-  The  first  vertebra  articulates  aneriorly 
with  the  skull  while  the  last  (9th)  articulates 
with  the  urostyle. 

-  The  vertebrae  from  2nd  to  8th  are  all 
alike  and  are  known  as  normal  vertebrae. 

The  Normal  Vertebra  (2nd-8th)  consisted 
of : 

-  A  cylindrical  centrum  .  The  centrum  is 
concave  in  front  and  convex  behind 
(procoelus)  surrounded  by  a  neural  arch  car¬ 
rying  a  small  median  dorsal  process,  the  neu¬ 
ral  spine.  Thus  enclosing  the  neural  foramen. 
From  the  base  of  the  centrum  two  laterally  di¬ 
rected  transverse  processes  project. 

There  are  two  pairs  of  processes  : 

-  The  anterior  Prezygapophyses  which 
face  upwards  and  slightly  inwards. 

-  Postzygapophyses,  which  face  down¬ 
wards  and  slightly  outwards. Note  that  the  post- 
zygapophysis  of  one  centrum  overlaps  the  pre- 
zygapophysis  of  the  one  behind. 
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-  The  First  Vertebra  (Atlas)  consists  of : 

The  centrum  is  very  much  reduced,  and 
possesses  paired  concave  depressions  in  front 
(condylar  facets)  into  which  the  2  occipital 
condyles  of  the  skull  fit  and  articulate.  This 
does  not  possess  prezygapophyses  or  trans¬ 
verse  processes  but  there  are  two  small  postzy- 
gapophyses. 
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The  Ninth  (Sacral)  Vertebra 

-  The  centrum  has  convex  end  on  its  pos¬ 
terior  face,  and  2  rounded  knobs  (convexities) 
for  the  articulation  with  the  urostyle. 

-  The  transverse  processes  are  wing¬ 
shaped.  At  their  outer  edges  the  long  ilium  of 
the  pelvic  girdle  is  firmly  attached  by  certain 
ligaments.  Notice  the  presence  of  two  small 
prezygapophyses. 

The  Urostyle : 

Is  a  single  bone  shaft  and  articulates,  with 
the  sacral  vertebra  by  two  concave  depressions 
on  its  anterior  face.  The  neural  foramen  leads 
to  the  neural  canal  in  which  the  terminal  end  of 
the  spinal  cord  is  lodged.  The  urostyle  has  also 
two  foramina,  one  on  either  side,  for  the 
passage  of  the  10th  spinal  nerve.  A  ridge  or 
spine  extends  along  the  dorsal  side  of  the 
urostyle. 

Ill  -  The  Sternum 

It  is  closely  connected  posteriorly  to  the 
midventral  part  of  the  pectoral  girdle  and  is 
formed  of  :  Xiphisternum,  closely  associates 
with  the  posterior  edges  of  the  two  epicora- 
coids.  Xiphoid  cartilage,  a  median  circular 
plate. 
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The  Appendicular  Skeleton 

It  includes  the  girdles  and  the  limbs . 

The  pectoral  girdle : 

-  It  is  a  U-shaped  frame  work  around  the 
thorax  that  shelters  the  organs  within  the  tho¬ 
racic  cavity  and  supports  the  fore  limbs.  Each 
half  loop  consists  of  the  following  : 

-  Two  epicoracoids  overlaping  in  the  mid- 
ventral  line. 

-  At  the  point  of  meeting  of  the  scapula, 
coracoid,  and  epicoracoid  there  is  a  shallow 
depression  (glenoid  cavity)  in  which  the  head 
of  the  humerus  articulates.  The  scapula  pro¬ 
jects  forwards  where  it  meets  the  clavicle, 
forming  the  acromion  process  . 

-  The  epicoracoid,  coracoid  and  clavicle 
enclosing  the  coracoid  foramen. 

-  The  suprascapula  articulates  with  the 
scapula  and  bends  upwards  to  the  dorsal  side. 

Bqnes  of  the  fore  limb  : 

-  The  skeleton  is  made  up  of  the  humerus 
(supporting  the  upper  arm),  the  radio-ulna  (the 
fore-arm)  and  bones  of  the  hand,  the  carpals, 
metacarpals  and  the  phalanges  . 

-  The  humerus  consists  of  an  elongated 
shaft  of  bone  expanded  at  its  proximal  end  into 
a  round  knob,  the  head,  wl^ich  fits  into  the 
glenoid  cavity.  The  shaft  has  a  deltoid  ridge 
on  its  inner  side.  The  trochlea  extends  around 
the  distal  end  of  the  humerus,  and  articulates 
with  the  radio-ulna. 

-  Radio-ulna  represents  two  fused  bones, 
which  indicates  the  paired  nature  of  the  radio¬ 
ulna.  The  ulna  extends  upwards  forming  the 
olecranon  process  to  articulate  with  the  troch¬ 
lea  of  the  humerus  . 

-  The  Carpus  consists  of  six  carpal  bones 
arranged  in  two  rows. 

-  The  metacarpus  is  composed  of  4  meta¬ 
carpals  and  4  digits. 
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-  The  digits  are  four  in  number,  formed  of- 
small  bones ;  the  phalanges  . 

-  Phalanges  are  thin  bones  and  the 

phalangeal  formula  is  02232 

The  pelvic  girdle : 

-  It  consists  of  two  symmetrical  halves. 
Each  half  consists  of  3  chief  bones  : 

-  The  ilium,  ischium,  and  pubis,  which 
meet  in  the  region  of  a  socket,  the  acetabulum 
into  which  the  head  of  the  femur  fits.  The  pu¬ 
bis  fuses  with  its  fellow  of  the  opposite  side 
forming  the  pubic  symphysis  . 

Bones  of  the  hind  limb  : 

It  consists  of  the  femur  supporting  the 
thigh,  the  tibia  and  fibula  of  the  shank,  the 
tarsal  bones  of  the  ankle,  the  metatarsals  and 
phalanges. 

-  The  femur  is  a  long  shaft  with  a  reduced 
ridge.  At  the  proximal  end,  there  is  an  obvious 
rounded  head  while  the  distal  end  has  two  con¬ 
dyles. 

-  The  tibia  and  fibula  are  fused  together 
(tibiofibula).  There  is  a  longitudinal  groove  on 
the  shaft  which  indicates  the  paired  nature  of 
the  bone. 

-  The  tarsus  is  made  up  of  4  bones  ar¬ 
ranged  in  2  rows.  The  proximal  tarsals  are  two 
elongated  bones,  fused  with  each  other  by  their 
heads,  forming  the  astragulus  and  calcan- 
eum.  The  astragulus  articulates  with  the  tibia, 
and  the  calcaneum  articulates  with  the  fibula. 

-  The  metatarsals  are  6  in  number,  five  of 
which  are  elongated  and  one  is  small  and  be¬ 
longs  to  the  calcar  (prehallux). 

-  The  phalangeal  formula  is  22343. 
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THE  ANIMAL  TISSUES 


The  animal  body  is  generally  formed  of  a 
large  number  of  organs  e.g.  stomach,  ileum, 
liver,  kidney  ....  etc.  Each  organ  is  -  in  turn  - 
built  up  of  a  certain  number  of  tissues.  A  tissue 
is  defined  as  a  mass  or  a  group  of  cells  similar 
in  structure  and  perform  the  same  function.  Be¬ 
sides  they  contain  an  intercellular  substance  or 
matrix  between  the  different  component  cells. 
These  tissues  include  the  following  categories 
which  are  commonly  known  as  the  principal  or 
basic  body  tissues : 

I  -  EPITHELIAL  TISSUES 
2-  CONNECTIVE  TISSUES 

3  -  MUSCULAR  TISSUES 
4-  NERVOUS  TISSUES 

EPITHELIAL  TISSUES 

These  tissues  are  found  covering  certain 
outer  surfaces,  thus  forming  the  proper  epithe¬ 
lium  or  lining  internal  cavities  (endothelium) 
and  also  lining  the  whole  body  cavity  in  which 
case  it  is  known  as  mesothelium.  These  tissues 
are  also  characterised  by  the  presence  of  a  thin 
basal  layer,  the  basement  membrane  on 
which  the  cells  are  arranged. 

Types  of  epithelial  tissues  : 

These  tissues  are  either  classified  accord¬ 
ing  to  the  shape  and  mode  of  arrangement  of 
the  constituent  cells  or  the  functionai  activities 
of  these  cells. 

I .  Types  of  epithelial  tissues  according 
to  the  shape  and  arrangement  of  cells. 

A  -  Simple  epithelial  tissues. 

B  -  Stratified  (  compound )  epithelial  tissues. 
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A  -  SIMPLE  EPITHELIAL  TISSUES 

These  tissues  are  formed  of  a  single  layer 
of  cells  arranged  side  by  side,  and  combined 
together  by  a  very  little  amount  of  intercellular 
substance.  They  are  classified  into  six  types 
according  to  the  shape  of  their  constituent 
cells. 

1  -  Squamous  epithelium 

In  the  surface  view  the  squamous  cells 
have  a  polygonal  shape  with  an  even  or  irregu¬ 
lar  outline  fitted  closely  together  to  form  a 
continuous  sheet,  thus  acquiring  a  mosaic 
shape.  Each  cell  contains  a  centrally 
placed  rounded  or  oval  nucleus.  In  the  lateral 
view,  the  cells  are  flattened  with  prominent 
oval  or  flattened  nuclei.  This  type  is  covering 
certain  organs  (stomach,  ileum,  liver)  or  lining 
the  mouth  cavity  and  Bowman’s  capsule  in  the 
kidney,  and  also  forming  the  peritoneal  layer 
lining  the  body  cavity. 

2*  Cuboidal  epithelium 

It  is  formed  of  a  single  layer  of  cubical 
cells  which  appear  square-shaped  in  cross  sec¬ 
tion.  Each  cell  possesses  a  central  spherical  nu¬ 
cleus.  This  epithelial  type  lines  small  convolut¬ 
ed  tubules  of  the  kidney,  thyroid  follicles, 
small  ducts  of  salivary  glands  and  pancreas. 

3  -  Columnar  epithelium 

It  is  composed  of  a  single  layer  of  tall  co¬ 
lumnar  cells  .  Their,  oval  nuclei  are  located  in 
the  basal  parts  of  the  cells  arranged  at  the  same 
level.  This  epithelial  type  lines  stomach  and  in¬ 
testine. 
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4  -  Ciliated  columnar  epithelium 

It  resembles  in  structure  the  above  type, 
but  their  free  borders  are  provided  with  motile 
hair-like  structures,  the  cilia.  These  cilia  move 
in  one  direction  to  drive  food  materials  or  a 
current  of  fluid  or  air.  These  tissues  are  charac¬ 
terised  by  the  presence  of  goblet  or  mucous- 
secreting  cells.  This  mucous  cells  produce  a 
mucoid  substance  which  serves  to  lubricate  the 
movement  of  the  cilia.  This  type  lines  the  oe¬ 
sophagus  and  oviduct  of  the  toad,  some  bron¬ 
chioles  of  the  lung,  many  cells  of  the  uterine 
tube  and  uterus. 

5  -  Pseud o-stratified  epithelium 

It  is  a  simple  type  epithelium  consists  of 
two  types  of  conical  shaped  cells  .  All  the  cells 
reach  the  basement  membrane  but  some  of 
them  do  not  reach  the  surface.  Their  nuclei  are 
arranged  in  two  diffemet  levels  giving  a  false 
impression  that  the  epithelium  is  formed  of 
two  or  more  layers  of  cells.  This  epithelial  type 
lines  the  ducts  of  the  parotid  gland,  the  vas  de¬ 
ferens  and  the  male  urethra. 

6  -Ciliated  pseudo-stratifled  epithelium 

It  resembles  in  structure  the  above  type, 
but  their  free  borders  are  provided  with  cilia. 
These  tissues  also  contain  goblet  or  mucous 
secreting  cells.  This  type  is  characteristic  of  all 
the  respiratory  passages.  It  lines  nasal  air  sin- 
nuses,  larynx,  trachea  and  bronchioles  . 

B  -  STRATIFIED  EPITHELIUM 

This  type  is  formed  of  more  than  one  layer 
(stratum  ;  pi :  strata)  of  cells.  It  is  classified  ac¬ 
cording  to  the  outermost  layer  of  cells  into  four 
types : 
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1  -  Stratified  squamous  epithelium 

It  consists  of  several  layers  of  cells  :  the 
basal  layer  namely  Malpighian  layer  formed 
of  columnar  cells  resting  on  the  basement 
membrane.  The  cells  of  the  intermediate  layer 
are  polygonal  in  shape  whereas  the  cells  of  the  su¬ 
perficial  layers  become  gradually  compressed 
and  flattened  as  they  approach  the  surface. 

There  are  two  types  of  this  epithelium  . 

a  •  Keratinized  stratified  epithelium  : 

In  this  type  of  epithelium  the  superficial 
squamous  cells  exposed  to  air  and  dry  .  They 
lost  their  nuclei  an.*  their  cytoplasm  become 
dead  and  changed  into  a  keratinized  (  horny  ) 
material  which  is  continuously  shed  off  from 
the  underlying  cells,e.g.  epidermis  of  the  skin. 

b-  Non-keratinized  stratified  epithelium: 
This  type  lined  the  most  cavities  of  the  body  .  It 
appears  identical  to  the  keratinized  squamous 
epithelium  ,  except  that  their  superficial  squa¬ 
mous  cells  have  a  viable  nucleated  elements 
and  non  keratinized, e.g. oesophagus  of  mam¬ 
mals. 

2  -  Stratified  cuboidal  epithelium 

It  is  formed  of  few  layers  of  cells,  the  out¬ 
ermost  one  is  formed  of  cuboidal  cells  and  the 
lowermost  layer  is  formed  of  cuboidal  or  co¬ 
lumnar  cells.  In  between  there  are  two  or  more 
layers  of  small  polygonal  cells,  e.  g.  the  lining 
of  the  ducts  of  the  sweat  glands. 

3  •  Stratified  columnar  epithelium 

In  this  type  both  the  superficial  and  lower 
most  layers  are  formed  of  columnar  cells.  The 
intermediate  layers  are  polygonal  in  shape,  e.g, 
the  lining  of  male  urethra  and  conjunctiva  of 
the  eye. 
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STRATIFIED  EPITHELIAL  TISSUES  iiWt  A^jilall  i+Ji\ 
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4  -  Stratified  columnar  ciliated  epitheli¬ 
um 

It  resembles  in  structure  the  above  type, 
but  the  superficial  columnar  cells  are  provided 
with  cilia.  It  lines  the  buccopharyngeal  cavity 
of  the  toad. 

5  -  Transitional  epithelium 

The  structure  of  this  epithelium  differs  ac¬ 
cording  to  the  physiological  state  of  the  organ 
in  which  they  are  found,  such  as  the  urinary 
bladder.  In  the  contracted  condition  ( when  the 
bladder  is  empty)  the  basal  cell  layer  is  formed 
of  high  cuboidal  or  low  columnar  cells,  the  in¬ 
termediate  cells  are  polyhedral  ( represented  by 
4  to  5  layers)  while  the  superficial  layer  con¬ 
sists  of  large  cuboidal  cells  with  a  convex  free 
surface  and  may  contain  2  nuclei  .  In  the 
stretched  condition  ( when  the  bladder  is  full  of 
urine)  usually  only  2  or  3  layers  can  be  distin¬ 
guished. 

II  -  Types  of  epithelial  tissues  according 
to  their  functions : 

-  Covering  or  protective  epithelia  which 
were  dealt  with  in  detail  previously. 

-  Germinal  epithelia,  found  in  the  testis 
and  ovaries  and  which  give  rise  to  spermatoc¬ 
ytes  and  spermatozoa  in  males  and  oocytes 
(ova)  in  females. 

-  Neuro-epithelial  tissues,  these  are  spe¬ 
cialized  type  of  epithelium  differentiated  to  act 
as  nerve  receptors  (  generally  known  as  neuro¬ 
epithelial  cells) .  It  is  present  in  sense  organs, 
e.  g.  taste  buds. 

-  Glandular  epithelium ,  these  are  original¬ 
ly  epithelial  cells  which  became  modified  in  a 
certain  way  to  produce  different  types  of  sec- 
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Stratified  columnar  epithelium 
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retory  materials.  These  cells  form  the  various 
glands  of  the  body,  which  are  divided  into  two 
main  categories : 

Endocrine  (ductless)  glands  and  exocrine 
glands. 

1  -  Endocrine  glands  :  These  are  the 
glands  which  secrete  the  hormones  directly 
into  the  blood  e.g.  pituitary,  thyroid,  adrenal 
and  islets  of  Langerhans  of  pancreas. 

2  -  Exocrine  glands  :  that  have  certain 
ducts  which  carry  their  secretions  to  some 
parts  of  the  body.  These  glands  are  classified 
according  to  the  number  of  cells  into  unicellu¬ 
lar  or  multicellular  glands. 

(A)  Unicellular  glands  :  such  as  the  gob¬ 
let  (mucous  secreting)  cells  which  are  conical 
in  shape,  filled  with  mucous.  The  basal  part  of 
the  cells  contains  a  flattened  nucleus  lying  in  a 
small  amount  of  cytoplasm  .  They  are  present 
between  the  epithelial  cells  of  the  fespsiratory 
passages  and  intestinal  tract. 

(B)  Multicellular  glands  :  each  gland  is 
built  up  of  numerous  cells.  These  glands  are 
classified  according  to  the  shape  of  the  gland. 

I  -  Tubular  glands  : 

These  include  the  following  types  : 

1  -  Simple  tubular  glands  ;  The  secretory 
part  of  the  gland  is  tubular  in  shape  e.g.  crypts 
of  Lieberkiihn  in  mammalian  ileum. 
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2  -  Simple  coiled  tubular  glands  :  The  s  ;-l.  ^  .  3,^111  -  T 

secretory  part  of  the  gland  is  tubular  and  coiled  ^Jill  ^  j  u^\  iJUj|  ^  ^  ^ 

e.g.  the  sweat  glands  of  the  mammalian  skin. 

3  -  Simple  branched  tubular  glands  :  <y  ^ 

It  cohsists  of  more  than  one  secretory  tubular  ;  Jli.  <  ts-Jz*  jj-  *a»-lj  ;b»j  t  j* 

portions  and  one  non-branched  duct,  e.  g.  the  , ,.u 

fundic  glands  of  the  mammalian  stomach. 
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4  -  Compound  tubular  glands  :  such 
glands  are  formed  of  several  tubular  structures 
with  a  common  branched  duct ,  e.  g,  lacrimal 
glands. 

II  -  Alveolar  glands  ; 

1  -  Simple  alveolar  :  These  are  flask¬ 
shaped  glands  such  as  the  poison  and  mucous 
glands  in  the  skin  of  the  frog. 

2  -  Simple  branched  alveolar  :  It  is 
formed  of  more  than  one  rounded  secretory 
portion  and  non-branched  duct,  e.g.  sebaceous 
glands  in  mammalian  skin. 

3  -  Compound  alveolar  :  It  consists  of 
several  alveolar  or  rounded  portions  with  a 
common  branched  duct,  e.  g.  the  parotid  gland 
and  mammary  glands. 

III- Compound  tubular-alveolar  glands: 

It  consists  of  several  rounded  and  tubular 
secretory  portions  with  a  common  branched 
duct,  e.g. the  salivary  glands  and  the  exocrine 
portion  of  the  pancreas  . 

IV-  Reticular  glands : 

These  glands  are  formed  of  several  ribbons 
intervening  with  each  other  thus  acquiring  a 
net-like  appearance,  e.g.  the  mammalian  liver. 
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CONNECTIVE  TISSUES 

These  tissues  serve  to  connect  and  bind 
different  parts  of  the  body  together  and  also 
provide  a  special  support  for  some  organs. 
These  connective  tissues  (C.T.)  consist  of  cells 
and  fibres  embedded  in  an  abundant  intercellu¬ 
lar  substance  or  matrix. 

According  to  the  nature  of  the  matrix,  con¬ 
nective  tissues  are  divided  into  three  main 
groups : 

I.  Connective  tissues  proper. 

II.  Skeletal  tissues. 

III.  Vascular  tissues. 

I.  Connective  Tissues  Proper 

These  tissues  are  mainly  prevailing  be¬ 
tween  the  skin  and  muscles  and  in  or  inbet- 
ween  the  different  body  organs.  Six  types  of 
connective  tissue  proper  are  known. 

1 .  Areolar  (Loose)  connective  tissue : 

It  is  formed  of  jelly-like  ground  substance 
(matrix)  containing  many  types  of  cells  and  fi¬ 
bres  : 

Connective  tissue  cells : 

There  are  eight  types  of  connective  tissue 
cells : 

a  -  Fibroblasts  :  It  is  the  most  common 
cells  in  these  tissues.  Fibroblasts  are  large  flat 
and  branched  cells,  each  is  containing  an  oval 
nucleus.  These  cells  are  responsible  for  the 
formation  of  the  connective  tissue  fibres  . 
When  the  cells  become  old  and  less  active  it 
named  fibrocytes . 

b  -  Macrophages  :  They  have  no  fixed 
shape,  they  may  be  rounded,  oval  or  irregular 
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CONNECTIVE  TISSUES  4*a& 
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due  to  the  presence  of  pseudopodia.  Each  cell 
contains  a  small  ovoid  nucleus.  These  cells  act 
to  engulf  or  swallow  any  foriegn  materials  in 
these  tissues. 

c  -  Pigment  cells  :  They  are  small  cells 
with  many  branched  processes  and  their  cyto¬ 
plasm  contains  black  melanin  granules.  These 
cells  are  found  in  the  connective  tissue  of  the 
skin  and  in  the  iris  and  choroid  of  the  eye  ball. 

d  -  Fat  cells  or  adipocytes  :  These  are 
round  or  oval  cells  contianing  a  large  amount 
of  fat  droplets.  The  cytoplasm  is  occupying  a 
narrow  peripheral  area  enclosing  a  small  nucle¬ 
us.  These  cells  appear  empty  or  highly  vacuo¬ 
lated  due  to  the  dissolution  of  fats  in  paraffin 
sections. 

e  -  Mast  cells  :  They  are  large  round  or 
ovoid  cells  with  central  rounded  nuclei,  their 
cytoplasm  contains  large  secretory  basophilic 
granules.  They  play  an  important  role  in- the 
immune  activities  of  these  tissues. 

f  -  Plasma  cells  :  They  are  small  rounded 
cells  with  homogeneous  basophilic  cytoplasm 
and  rounded  eccenteric  nucleus.  They  are  also 
important  in  the  activities  of  the  immune  sys¬ 
tem  in  the  body. 

g  -  Eosinophil  cells  :  These  are  one  of  the 
white  blood  cells.  They  have  a  bilobed  nucleus 
and  large  eosinophilic  granules. 

h  -  Lymphocytes  :  These  are  small  round¬ 
ed  white  blood  cells.  Each  cell  has  a  large 
round  nucleus  surrounded  by  eytoplasmic  area. 

Connective  tissue  fibres : 

There  are  two  types  of  connective  tissue 
fibres. 
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a  -  Collagen  or  white  fibres  :  They  are 
predominant  fibres  of  areolar  connective  tis¬ 
sues,  built  up  mainly  of  a  special  type  of  pro¬ 
tein  namely  collagen.  They  are  long,  staight  or 
wavy  bundles  which  branch  and  interconnect 
with  each  other,  but  the  individual  fibres  do 
not  branch.  Collagen  fibres  course  in  various 
directions. 

b  -  Elastic  (  yellow  )  fibres  :  These  are 
long,  single  fine  straight  or  slightly  wavy  fibres 
formed  mainly  of  the  protein  material  elastin. 
They  are  normally  found  as  branching  and 
anastomosing  fibres. 

Notice  :  In  non  living  tissue,  the  matrix  de¬ 
cays  leaving  certain  white  areas  in  these  tis¬ 
sues,  namely  loose  or  areolar. 

2  -  Fibrous  connective  tissue  :  This  type 
of  connective  tissue  (C.  T.)  consists  of  parallel 
bundles  of  white  fibres  and  a  little  amount  of 
loose  C.T.  in  which  the  fibroblasts  are  ar¬ 
ranged  in  parallel  row  with  its  oval  or  elongat¬ 
ed  nuclei,  e.  g.  tendons  of  muscles. 

3  -  Elastic  connective  tissue  :  This  type 
of  C.  T.  consists  of  elastic  fibres  and  fibro¬ 
blasts  It  is  found  mainly  in  the  elastic  organs 
such  as  lungs  and  blood  vessels. 

4  -  Reticular  connective  tissue  :  This 
type  of  C.T.  is  formed  of  network  of  reticular 
fibres  and  reticular  cells,  have  a  long  cytoplas¬ 
mic  extensions.  This  tissue  type  is  present  in 
the  liver,  bone  marrow  and  lymphoid  organs. 

5  -  Adipose  connectinve  tissue  :  This  type 
of  C.  T.  consists  of  numerous  fat  cells  sur¬ 
rounded  by  a  network  of  loose  C.T.  It  is  found 
between  the  skin,  muscles  and  several  other 
fatty  parts  of  the  body. 

6  -  Mucous  connective  tissue  :  This  type 
of  C.T.  have  stellate  fibroblasts  whose  multiple 
processes  are  in  contact  with  those  of  neigh¬ 
bouring  cells.  These  cells  are  embedded  in  a 
soft  jelly-like  intercellular  substance  contain¬ 
ing  thin  collagen  fibres,  e.  g.  the  umbilical  cord 
of  mammals. 
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II  -  Skeletal  Connective  Tissues 


-  r 


It  is  classified  into  two  types,  cartilage  and 
bone. 

Cartilage : 

It  is  a  special  type  of  connective  tissue.  It 
is  formed  of  intercellular  substance  (Matrix)  , 
cells  and  fibres. 

The  matrix  consists  of  a  substance  called 
chondrin. 

Two  types  of  cartilage  cells  are  found;  the 
chondroblasts  which  are  oval  or  spindle  in 
shape  located  in  the  surface  layer  of  cartilage 
under  the  perichondrium,  and  the  chondrocy¬ 
tes  are  usually  spherical.  The  latter  ceils  He  in 
spaces  called  lacunae  which  are  surrounded  by 
capsules  formed  of  the  matrix.  Each  lacuna  in¬ 
cludes  one,  two,  four  or  eight  chondrocytes. 

The  cartilage  is  covered  by  a  thin' layer  of 
fibrous  C.T.  called  perichondrium. 

According  to  the  nature  of  the  matrix  and 
the  type  of  fibres  embedded  in  it,  cartilage  is 
classified  into  four  types  : 

1  -  Hyaline  cartilageThe  matrix  ap¬ 
pears  homogenous  and  contains  few  collage¬ 
nous  or  white  and  elastic  or  yellow  fibres.  Con- 
drocytes  Fill  the  lacunae  within  the  matrix.  This 
type  of  cartilage  occurs  in  the  respiratory  pas¬ 
sages  (nose  ,  larynx,  trachae) ,  in  the  joint  sur¬ 
faces  and  xiphoid  eartilage  of  the  toad. 

2  -  Fibro-cartilage  :  The  matrix  con¬ 
tains  thick  compact,  collagenous  bundles  paral¬ 
lel  with  one  another,  condrocytes  in  lacunae 
are  usually  lying  in  rows  between  eoJlagen  fi- 
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bres.  This  type  of  cartilage  occurs  in  the  inter- 
vertebral  discs.  The  perichondrium  is  lacking. 

3  -  Elastic  cartilage  :  It  resembles  the 
hyaline  cartilage  except  that  its  matrix  contains 
an  abundant  amount  of  networks  of  elalstic  fi¬ 
bres,  which  continue  into  the  perichondrium. 
This  type  of  cartilage  is  found  in  the  external 
ear  (ear  pinna)  and  the  epiglottis. 


Bone  : 

Bone  is  a  hard  and  rigid  specialized  type 
connective  tissue.  It  consits  of  intercellular  cal¬ 
cified  matrix  (ossein)  containing  fibres  and 
bone  cells  or  osteoblasts. 

Bone  is  classified  into  two  types  :  dense  or 
compact  hone  present  in  the  shafts  of  long 
bone,  and  spongy  bone  or  cancellous  bone 
present  in  the  epiphysis  of  long  bones,  ribs, 
vertebrae,  flat  bone  and  skull. 

Dense  (Compact)  bone  :  It  appears  in 
cross  microscopic  sections  to  be  built  up  of 
regular  circular  structures  disposed  very  close 
to  one  another  called  Haversian  systems  ,  each 
one  is  composed  of  : 

a  -  Haversian  canal,  a  central  canal 
runing  parallel  to  the  long  axis  of  the  bone  and 
contains  blood  capillaries  and  nerves  in  living 
bone. 

b  -  Bone  lamellae,  a  calcified  matrix  ar¬ 
ranged  in  a  concentric  layers  arround  the  Ha¬ 
versian  canals.  The  number  of  lamellae  in  one 
Haversian  system  varies  from  4  -  20. 

c-  Lacunae,  small  narrow  cavities  ar¬ 
ranged  in  concentric  layers  between  the  Haver¬ 
sian  lamellae.  The  osteocyte  is  present  inside 
each  lacuna  in  the  living  condition. 
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L.S.  of  dense  bone  fJaJl  ^jh 
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d  -  Canaliculi,  radiating  fine  canals  ex¬ 
tending  from  the  lacunae  and  anastomosing  in 
the  matrix.  These  canaliculi  also  connect  the 
lacunae  with  the  Haversian  canal. 

e  -  Volkman's  canals,  appear  in  longitu¬ 
dinal  sections  transverse  or  oblique  canals  connect¬ 
ing  the  Haversian  canals  with  one  another. 

Non  Haversian  systems,  found  in  between 
neighbouring  Haversian  systems  and  consist  of  ir¬ 
regular  bone  lamellae  ineluding  laeunae  and  canali¬ 
culi,  but  without  Haversian  canals. 

Spongy  bone  :  It  is  formed  of  a  thin  ir¬ 
regularly  branching  bone  trabeculae  enclosing 
irregular  bone  marrow  cavities  with  various 
sizes. 
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III  -  The  Vascular  Tissues 

It  is  a  special  type  of  C.T.  wljose  intercel¬ 
lular  substance  (Matrix)  is  a  fluid  material. 
They  include  Blood  and  Lymph. 

BLOOD 

It  consists  of  blood  plasma  (fluid  intercel¬ 
lular  substance),  two  kinds  of  blood  cells  (red 
and  white)  and  blood  platelets. 

a-  Blood  Film  of  Man 

This  blood  film  appears  microscopically 
formed  of  the  following  structures  : 

Red  blood  cells  (corpuscles)  or 
erythrocytes  :  They  are  rounded,  non- 
nucleated  biconcave  acidophilic  disc-shaped. 

White  blood  cells  or  leucocytes  : 

They  are  two  main  groups,  granulocytes  (or 
granular  leucocytes)  and  agranulocytes  (  or 
non  granular  leucocytes) . 

A  -  Granulocytes  :  They  have  abundant 
granules  in  their  cytoplasm  and  a  single  lobu- 
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Vascular  tissue  LIJlc  -r 


Film  of  non-mammalian  blood  (Toad) 
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lated  nucleus.  This  group  includes  the  follow¬ 
ing  types : 

1  -  Neutrophils  (polymorph  nuclear  leu¬ 
cocytes).  They  are  named  so  since  they  are 
stained  with  neutral  dyes.  They  are  the  most 
numerous  leucocytes  constituting  60  to  75  % 
of  the  total  leucocytes.  The  nucleus  is  formed 
of  2  to  5  lobes  connected  together  by  fine 
chromatin  threads. 

2  -  Eosinophils  (Acidophils) :  They 
constitute  1  to  3%  of  the  total  leucocytes.  Their 
nuclei  are  bilobed  (  has  two  oval  lobes  con¬ 
nected  together  by  a  thin  chromatin  thread)  and 
acquiring  a  horse  shoe-shaped  appearance; 
sometimes  a  third-  small  lobe  may  be  present. 
The  cytoplasm  contains  many  relatively  large 
acidophil  granules. 

3  -  Basophils  :  It  is  a  rare  type  and  com¬ 
prises  0.5  -  1  %  of  the  leucocytes.  The  nucleus 
is  irregular  in  shape  or  S-shaped  and  their  cyto¬ 
plasm  contains  large  granules  which  take  a 
blue  colouration  with  basic  dyes. 

B-  Non-granular  leucocytes  :  They  haye  a 
cytoplasm  which  appears  homogenous,  non- 
granulated,  and  a  single  non-lobulatcd  nucleus. 
They  include  the  following  types  : 

1  -  Lymphocytes  ;  They  constitute  20  - 
40%  of  the  total  leucocytes.  The  small  leuco¬ 
cyte  has  a  large  spherical  or  bean-shaped  nu¬ 
cleus  surrounded  by  a  thin  layer  of  cytoplasm. 
The  large  lymphocytes  have  an  abundant  light 
basophilic  cytoplasm  surrounding  the  nucleus. 
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2  -  Monocytes  (Macrocytes)  :  They 

constitute.  3  -  8  %  of  the  total  leucocytes. 
Their  nuclei  are  oval,  kidney-shaped  or  horse¬ 
shoe  shaped  and  eccentrically  located.  The 
abundant  cytoplasm  is  lightly  basophilic. 

Blood  platelets  (thrombocytes)  : 

They  are  small  oval  or  rounded  non-nucleated 
cell  borders  in  the  form  of  small  spindles. 

b  -  Blood  Film  of  the  Toad 

Microscopically,  it  consists  of  the  follow¬ 
ing  structures : 

-  Red  blood  cells  or  Erythrocytes  : 

They  are  oval,  biconvex  and  containing  dis¬ 
tinct  nuclei. 

-  White  blood  cells  or  leucocytes  : 

They  are  more  or  less  similar  to  those  which 
were  described  above  in  the  blood  film  of  man. 


^  •/.  A  -  r  Ji^»  ■.  ij~&\  -  T 

i  .a..1  pall  ^ j**** 

*  iW:ll  ^  t  :  -  —  i  SXyu  jl 

I  a  .  Ujjl  Ijjl  r  .  .  .'l  Jutj  .  <<ll»«l.l  ,11 

•  l  -/* 

i  i oU— or  ujLyi  .6  ..nil 

*ij it  jjl*  ^  jl  Sj' 

lH  _l)j  *— |J  )  Ji - s— j-ill  »j1-*  l_r-l f-  5-yLj-  Wb 

.  (  pjJI 

>11  Jjjjj  Cjv-  —  i_J 

oi1  -II  •!*  ^  ie-jjLjJl  ps 

:  js  bjSw. 

L_jJtSLc.'ij  j _ .  *1 j  a  ^-1  »Jj|  b^j-  — 

4^pl  (^j.  x  ^  i  .j .  .11 

•  !j.)V 

a»-  ^1  i  tLa-Jl  pjJl  b^ta-  - 

.  ul— j^tl  pjJI  «.» 


-92- 


MUSCULAR  TISSUES 

Muscular  tissues  are  composed  of  elongat¬ 
ed  muscle  cells  called  muscle  fibres. 

There  are  three  types  of  muscular  tissues  ac¬ 
cording  to  their  structure  and  function ,  smooth 
or  unstraited,  striated  and  cardiac  muscles. 

l-Smooth(unstriated)Musde  Fibres  : 

Smooth  muscle  fibres  are  elongated 
spindle-shaped,  tapered  from  fcoth  ends.  Their 
oval  or  flattened  single  nuclei  are  centrally  lo¬ 
cated.  Their  cytoplasm  or  sarcoplasm  appears 
quite  homogenous  and  acidephilic.  Very  fine 
threads  or  myofibrils  appear  running  along  the 
full  length  of  the  cell  can  be  seen  after  macera¬ 
tion  in  nitric  acid  or  trichloroacetic  acid. 
Smooth  muscles  are  either  found  as  isolated  fi¬ 
bres,  as  in  the  small  arterioles,  dispersed  singly 
or  in  small  groups  as  in  the  wall  of  the  urinary 
bladder  of  the  toad  or  form  muscle  bundles  or 
sheath  connected  together  by  a  loose  C.T.  In 
each  sheet,  the  muscle  fibres  are  arranged  in 
the  same  direction,  e.g.  the  intestine. 

2  -  Striated  or  Skeletal  Muscle  Fibres 

Microscopically,  striated  muscle  fibres  are 
dispersed  in  the  form  of  elongated  cylindrical 
bundles,  rather  independent  from  each  other, 
constituting  the  striated  muscles. 

In  mammels,  many  elongated  nuclei  are 
located  peripherally  under  the  cell  membrane 
or  sarcoiemma  of  the  muscle  fibre.  Thus  striat¬ 
ed  muscle  forms  a  syncitium.  In  the  toad,  these 
nuclei  are  scattered  throughout  the  sarco¬ 
plasm  of  the  muscle  fibre.  These  fibres  show  a 
cross  striated  appearance  due  to  the  presence 
of  alternating  dark  and  light  bands  on  each 
myofibril. 

3  -  Cardiac  Muscle  Fibres 

Cardiac  muscle  fibres  are  short  separate 
cellular  units  joined  together  by  certain  junc¬ 
tions  called  intercalated  discs.  These  fibres  are 
branched  and  anastomosing  with  one  another. 
The  sarcoplasm  is  abundant  and  accumulates 
around  the  single  or  double  oval  nuclei  which 
are  located  in  the  middle  parts  of  the  fibres. 
The  sarcoiemma  and  the  cross  striations  of  the 
cardiac  muscle  fibres  are  less  distinct  than 
those  of  the  striated  muscle  fibres. 
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NERVOUS  TISSUES 


The  nervous  system  consists  of  the  brain 
and  the  spinal  cord  (central  nervous  system) 
and  of  the  nerves  (peripheral  nervous  system), 
including  the  cranial  and  spinal  nerves. 

The  nervous  tissues  are  comprised  of  the 
nerve  cells  or  neurons  and  neuroglia  cells 
which  represent  a  speeialised  type  of  branched 
connective  tissue  cells. 

The  nerve  cell  ( neuron  )  consists  of  a  cell 
body  or  cyton  which  is  produced  into  a  number 
of  branched  processes  (dendrites)  ,  and  the 
axon  or  nerve  fibre. 

The  cyton  is  oval,  rounded  or  irregular  in 
shape  having  a  spherical  nucleus  and  a  cyto¬ 
plasm  which  is  characterised  by  the  presence  of 
neuro  fibrils  and  darkly  stained  Nissl  granules. 

The  axon  or  nerve  fiber  is  a  long  cylindri¬ 
cal  process .  It  is  surrounded  by  a  medullary  or 
myelin  sheath  interrupted  at  intervals  by  the 
nodes  of  Ranvier.  The  myelin  sheath  is  cov¬ 
ered  by  elongated  Schwann's  cells. 


T.S.  OF  THE  SPINAL 
CORD  OF  THE  RABBIT 

Examine  a  T.S.  of  the  spinal  cord  of  the 
rabbit  and  note  that  it  is  surrounded  by  a  thin 
connective  tissue  layer  called  the  pia  mater 
containing  small  blood  vessels.  This  is  covered 
externally  by  another  thick  connective  tissue 
layer,  the  dura  mater.  In  the  center  there  is 
found  a  cavity  lined  by  simple  ciliated  colum¬ 
nar  epithelial  cells  .  This  is  the  central  ca¬ 
nal  The  substance  of  the  cord  is  differentiated 
into  a  central  H-shaped  zone  called  the  grey 
matter  which  surrounds  the  central  canal,  and  a 
peripheral  zone  known  as  the  white  matter. 
The  two  have  gained  their  names  from  their  co¬ 
lours  in  the  fresh  condition. 
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-  Notice  that  the  grey  matter  is  produced 
into  two  dorsal  horns  with  tapering  ends  and 
two  ventral  horns,  with  broad  basal  ends.  It 
consists  of  cytons  and  dendrites  with  neuroglia 
cells  in  between.  The  grey  matter  contains 
also,  a  dorsal  and  a  ventral  band  of  fibres  ex¬ 
tending  above  and  below  the  central  canal 
forming  the  dorsal  and  ventral  commissures 
respectively. 


-  The  white  matter  is  entirely  composed 
of  myelinated  nerve  fibres  supported  by  the  cy¬ 
toplasmic  processes  of  neuroglia  cells  project¬ 
ing  from  the  grey  matter. 

Notice  that  the  white  matter  possesses  a 
dorsal  and  a  ventral  septa  which  lie  above  and 
below  the  central  canal  to  form  dorsal  and  ven¬ 
tral  fissures,  respectively. 


T.S.  OF  THE  SCIATIC  NERVE 
OF  CAT 

Examine  a  T.S.  of  the  sciatic  nerve  of  the 
cat  and  note  the  following  : 

-  It  consists  of  a  large  numbers  of  nerve  fi¬ 
bres.  Each  fiber  consists  of  an  axon  surround¬ 
ing  by  a  myline  (  medullary  )  sheath  which 
coverd  by  the  neurolemma  from  the  outside  . 

-  The  nerve  fibres  in  each  bundle  are 
held  together  by  a  connective  tissue  sheath 
known  as  endoneurium.  The  nerve  bundles 
are  enclosed  in  a  dense  connective  tissue 
sheath  called  perineurium 

-  The  outer  connctive  tissue  layer  sur¬ 
rounding  the  whole  nerve  is  known  as  the  epi- 
neurium. 

-  The  perineurium  and  epineurium  contain 
small  blood  vessels  and  fat  cells. 
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THE  HISTOLOGY  OF  BODY  ORGANS 


1  -  THE  BLOOD  VESSELS 

The  blood  vessels  include  the  arteries,  car¬ 
rying  blood  to  the  tissues,  viens  collecting 
blood  from  these  tissues  and  their  small 
branches,  the  arterioles  and  venules  respective¬ 
ly  as  well  as  the  blood  capillaries.  Arteries  are 
distinguished  anatomically  from  veins  by 
thicker  walls  and  fainter  colours. 

T.S.  of  an  Artery 

The  wall  of  the  artery  has  three  coats  or  tu- 
nicae : 

A  -  Tunica  intima  :  It  is  the  inner  most 
layer  of  the  artery.  It  consists  of : 

-  Endothelium,  a  simple  squamous  epi¬ 
thelium  forming  the  inner  of  luminal  layer  of 
the  artery. 

-  Subendothelium,  formed  of  lpose  con¬ 
nective  tissue.  Interanal  elastic  membrane  or 
lamina,  formed  of  a  very  thin  layer  of  fine  elas¬ 
tic  fibres. 

B  -  Tunica  media  :  It  is  the  middle 
layer  predominantly  composed  of  circularly  ar¬ 
ranged  smooth  muscle  fibres.  Fine  elastic  fi¬ 
bres  are  interspersed. 

C  -  Tunica  adventitia  :  It  is  the  outer 
most  layer  of  artery.  It  is  composed  of  a  thin 
layer  of  loose  C.T.  containing  blood  capillaries 
and  elastic  fibres. 

T.S.  of  Vein 

The  cavity  of  the  vein  is  larger  than  that  of 
the  artery,  but  the  wall  is  thinner,  consists  also 
of  three  coats  or  tunicae  that  differ  in  thickness 
and  composition  from  the  artery.lt  consists  of  : 
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A  -  Tunica  intima,  consists  of  a  thin 
endothelial  lining  forming  of  a  simple  squa¬ 
mous  epithelium  and  sub-endothelial  layer 
composed  of  a  small  amount  of  loose  C.T.  con¬ 
taining  a  certain  amount  of  elastic  fibers. 

B  -  Tunica  media,  it  is  thinner  than  that 
of  the  artery.  It  is  formed  of  circular  smooth 
muscle  fibres  with  very  few  elastic  fibres.  This 
coat  is  thinner  than  that  of  the  artery. 

C  -  Tunica  adventitia,  it  is  thicker 
than  that  of  the  artery  and  consists  of  loose 
C.T.  very  rich  in  collagen  fibres. 

Arterioles 

These  vessels  are  fine  and  have  a  narrow 
lumen.  They  also  consist  of  : 

A  -  Tunica  intima  formed  of  an  inner 
endothelial  lining,  with  no  subendothelial  layer 
and  generally  lack  the  elastic  fibres. 

B  -  Tunica  media,  consists  chiefly  of  a 
few  circularly  arranged  smooth  muscle  fibres. 

C  -  Tunica  adventitia,  is  thin  layer  of 
loose  C.T. 

Venules 

These  vessels  have  a  thin  wall  and  a  wide 
lumen  compared  with  that  of  the  arterioles.  It 
consists  of : 

A  -  Tunica  intima,  consists  only  of  an 
inner  endothelial  lining. 

B  -  Tunica  media  is  thin  in  the  large 
venules  and  absent  in  the  small  ones. 

C  -  Tunica  adventitia  is  composed  of 
a  thin  layer  of  loose  C.T. 


SrliJI :  iJj-  J* i  i-JWdJl  HiLkjl  -  i 
C-5-  oLUIj  i  *-.*-*■> Oj£xJj  -CLh-U.  1 
^UtaJl  ijA  sLii  4-UduJt 

.  *A j* 


t  ^\A  IS-L*-.  JSi 

■  V' 

-  ‘  -  jr 

f'-*’  u  cf*  O* 


(  ob jJJi\  )  t ^JwaJI  Oil' 


*  <13*  i  (j jSJ\  cM- yz  tj*j 

:  y  yj  t  Uw> 

iilkJl  (^-ip  J-  Z..JX  ,  ii-Jj  ii-J?  —  I 

Ajjil  J>LTl/l  j  t  SjUaj  aJLIp  jj  'i/j  < 

4-j\p  ^ 

^LJL*  o»Ul  y  <  3  h  ,j jiii  4.ifl  .l*?  11  —  cj 

.  Aj <aJ y  A.i.^aP  ii Jki 

y  *aJj  aJLL»  y  j^cjj  i  <uJaJI  —  ^ 

•  — lil 

(  oLbjjJ.i  )  ojjjSl 


Ift!  \L~~a-  {/■  £w>iyi  Lfribbsj 

dj&j  c-ZA  y  j' 

1  >* 

AjUx>  y  4d^il  —  1 

.  iaii 

J-3f  jj  A-S-i J  A.J  Jp  t  loJaJt  —  wJ 

Jt>LU  ^  j  * j-yS'  ‘ ■  .oil 

. 

ujj  4jj»  ^  SjLp  «  Vrj^l  34;.Uh  —  ^ 


-100- 


2  -  THE  SKIN 

V.S.  of  the  skin  of  the  toad 

The  skin  of  toad  appears  under  the  micro¬ 
scope  to  be  formed  of  two  principle  layers;  an 
outer  epithelial  compartment ;  the  epidermis 
and  an  inner  connective  tissue  compartment; 
the  dermis. 

-  The  epidermis  :  This  is  formed  of  strati¬ 
fied  squamous  epithelium,  which  is  -  in  turn  - 
built  up  of  a  basal  layer  of  columnar  cells 
(germinative  or  Malpighian  layer),  and  sever¬ 
al  layers  of  cells  diminishing  in  size  gradually 
outwards,  ending  with  a  surface  layer  of  squa¬ 
mous  cells  covered  by  a  dead  material,  the 
horny  layer. 

-  The  dermis  :  It  is  formed  of  loose  C.T. 
which  differentiated  into  two  layers. 

-  An  outer  spongy  layer  (stratum  spongio¬ 
sum)  built  up  of  a  loose  C.T.  containing  blood 
vessels,  nerve  fibers  and  branched  pigment 
cells  lying  close  to  the  epidermis  called  melan- 
ophores,  containing  small  blackish  granules. 

-  An  inner  compact  layer  (stratum  com- 
pactum)  built  up  of  compact  bundles  of  fibrous 
C.T.  Some  bundles  of  them  are  arranged  in 
dense  bands  perpendicular  to  the  surface  of  the 
skin  forming  vertical  strands. 

-  The  dermis  contains  two  types  of  glands 
originating  from  the  Malpighian  layer : 

-  The  mucous  glands,  simple  alveolar 
glands,  their  wall  formed  of  simple  cuboidal 
epithelium. 

-  The  poisonous  glands,  large  simple  alve¬ 
olar  glands,  containing  dark  poison  granules, 
their  wall  being  formed  of  syncytium. 

N.B,  the  parotoid  gland  which  located  near 
the  car  drum  is  built  up  of  aggregations  of 
some  poisonous  glands. 
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V.S.  Of  Mammalian  Skin 

The  skin  is  formed  of  two  distinct  layers, 
an  outer  epidermis  and  an  inner  dermis. 

-  The  epidermis  consists  of  stratified 
squamous  epithelium  covered  by  horny  layer. 
The  basal  layer  of  the  epidermis,  the  Malpighi¬ 
an  layer  contains  pigment  granules. 

-  The  dermis  is  differentiated  into  an  outer 
papillary  layer  under  the  concavities  of  the 
basement  membrane  of  the  epidermis.  It  con¬ 
sists  of  loose  C.T.,  blood  vessels  and  nerve  fi¬ 
bres. 

A  reticular  layer,  consisting  of  dense  ir¬ 
regular  C.T.  rich  in  collagen  and  reticular  fi¬ 
bres  and  comprising  the  bulk  of  the  dermis. 

Under  the  dermis  is  found  a  subcutaneous 
layer  rich  in  fat  cells  called  hypodermis. 

-  The  mammalian  skin  contains  the  hair, 
sebaceous  and  sweat  glands. 

Hair 

It  consists  of : 

1  -  An  outer  hair  shaft,  projecting  oblique¬ 
ly  above  the  surface  of  the  skin,  and  is  formed 
of  3  regions  : 

a  -  The  hair  medulla,  forming  the  central 
core  of  the  shaft.  It  is  composed  of  some  layers 
of  tightly  packed  comified  cuboidal  cells  sep¬ 
arated  by  many  air  vacuoles. 

b  -  The  hair  cortex,  surrounding  the  me¬ 
dulla  being  formed  of  several  layers  of  hard 
type  of  keratinized  polygonal  cells  rich  in  pig¬ 
ments. 

c  -  Hair  cuticle,  is  the  outer  most  layer 
consisting  of  a  layer  of  flat  keratinous  cells 
which  overlap  in  a  highly  organized  manner. 

2  -  The  root  of  the  hair,  represents  the  em- 
beded  part  of  the  hair  shaft  in  the  dermis.  It  is 
lodged  in  hair  follicle.  It  appears  surrounded 
by  the  internal  and  external  root  sheath. 

3  -  The  hair  follicle,  it  is  an  epidermal  in¬ 
vagination,  terminates  by  a  bulbous  expansion 
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(the  hair  bulb).  It  has  concave  lower  surface 
containing  a  specialized  area  of  dermis  called 
hair  papilla  which  is  invested  with  C.T.,  a  ca¬ 
pillary  network  and  nerve  endings. 

-  To  the  hair  follicle  is  attached  an  oblique 
bundle  of  smooth  muscle  fibres  known  as  the 
erector  muscle  of  the  hair.  Their  contraction 
causes  erection  of  the  hair  shaft  into  more  ver¬ 
tical  position. 

Sebaceous  glands  : 

They  are  simple  branched  alveolar  glands. 
The  secretory  portion  of  the  gland  projects  into 
the  dermis  and  the  duct  of  the  gland  merges 
into  hair  follicle.  The  sebaceous  glands  are 
lined  by  a  simple  layer  of  cuboidal  or  flat  cells 
and  filled  completely  with  abundant  fat  materi¬ 
al  and  small  nucleus. 

Sweat  glands : 

They  are  simple  coiled  tubular  glands  situ¬ 
ated  deep  in  the  dermis.  They  are  open  on  the 
surface  though  a  long  duct  which  is  smaller  in 
diameter,  lined  with  a  stratified  cuboidal  epi¬ 
thelium.  The  secretory  portion  of  the  gland  is 
lined  by  two  types  of  cells  which  are' dark  and 
light  cells. 
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3  -  THE  DIGESTIVE  SYSTEM 

The  alimentary  canal  and  its  associated 
glands  constitute  the  digestive  system. 

A  -  THE  ALIMENTARY  CANAL 
(THE  DIGESTIVE  TRACT) 

It  is  formed  of  a  long  tube  extending  from 
the  mouth  to  the  anus.  It  is  composed  histolog¬ 
ically  of  four  main  layers  or  eoats,  serosa 
(adventitia),  museularis,  submucosa  and  muco¬ 
sa. 

1  -  The  serosa  ;  The  wall  of  the  digestive 
tract  has  a  simple  squamous  epithelium.  The 
mammalian  oesophagus  does  not  have  this  epi¬ 
thelium  covering,  it  is  covered  by  a  fibrosa  or 
adventitia  which  consists  of  loose  C.T.,  blood 
vessels,  lymph  vessels  and  nerve  fibres. 

2  -  Museularis  (Musculosa) :  It  is  usually 
consisting  of  two  smooth  muscle  layers. 

a  -  An  outer  longitudinal  muscle  layer 
nearly  parallel  to  the  long  axis  of  the  alimen¬ 
tary  canal. 

b  -  The  inner  circular  muscle  layer  :  their 
muscle  fibres  running  nearly  at  right  anlges  to 
the  long  axis  of  the  alimentary  canal. 

3  -  The  sub-mucosa  :  it  consists  of  areolar 
C.T.  containing  blood  and  lymphatic  vessels. 

4  -  The  mucosa  :  It  is  built  up  of  three  con¬ 
centric  layers;  lining  epithelium  ,  lamina  pro¬ 
pria  and  museularis  mucosa. 

a  -  The  epithelial  lining  :  lines  the  lumen 
of  the  alimentary  canal. 

b  -  The  lamina  propria,  is  a  layer  of  loose 
C.T.  contains  blood  vessels,  lymphatic  nodules 
and  mucous  glands. 

c  -  Museularis  mucosa,  is  a  thin  layer  of 
an  outer  longitudinal  and  inner  circular  smooth 
muscle  fibres  which  may  be  contained  in  the 
mucosa. 

N.B.  This  layer  may  be  absent  in  some  or¬ 
gans  of  the  alimentery  canal  of  some  animals . 
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T.S.  OF  THE  LINING  OF  THE 
BUCCAL  CAVITY  OF  THE  TOAD 


The  buccal  cavity  of  the  toad  is  lined  by  a 
mucous  membrane  (  mucosa )  and  a  submuco¬ 
sa.  The  mucous  membrane  is  built  up  of  three 
parts : 

1  -  The  stratified  columnar  ciliated  epi¬ 
thelium  thrown  into  prominent  folds  and  con¬ 
tains  a  few  taste  buds  and  extremely  numerous 
goblet  cells. 

2  -  Tunica  propria,  consists  of  areolar 
C.T.  rich  in  blood  vessels  projecting  into  the 
folds  of  the  epithelium. 

3  -  The  stratum  compactum;  it  is  formed 
of  a  thick  compact  fibrous  C.T.  layer  contain¬ 
ing  blood  vessels. 

The  submucosa;  it  consists  of  loose  C.T. 
rich  in  blood  vessels  and  nerves. 

T.S.  OF  THE  REGION  OF  THE 
PHARYNGEAL  CAVITY  OF  THE  TOAD 

The  wall  of  the  pharyngeal  cavity  has  the 
same  basic  structures  of  the  buccal  cavity  of 
the  toad  except  that : 

-  The  mucosal  folds  of  the  mucous  mem¬ 
brane  are  more  higher. 

-  The  stratum  compactum  is  more  thick¬ 
er. 

-  The  submucosa  is  composed  of  adipose 
tissue. 

-  The  presence  of  a  layer  of  striated  muscle 
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fibres  in  contact  with  the  submucosa  and  cov¬ 
ered  by  a  thin  layer  of  loose  C.T. 
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V.S.  OF  THE  TONGUE  OF  THE  TOAD 

The  tongue  of  the  toad  is  covered  on  both 
surfaces  by  a  mucosal  layer  (or  membrane) 
packed  with  striated  muscle  fibres,  arranged  in 
certain  bundles.  These  bundles  course  through 
the  organ  of  various  planes  and  contain  loose 
C.T.  elements. 

1  -  The  mucosa  (or  mucosal  membrane) : 
The  upper  surface  of  the  tongue  is  covered  by 
a  layer  of  simple  columnar  epithelium  thrown 
into  several  folds  and  contains  two  types  of 
papillae. 

a  -  Filiform  papillae  are  long,  slender  and 
have  blunt  tops. 

b  -  Fungiform  papillae  are  short,  broad 
and  contain  taste  buds. 

2  -  Multicellular  mucous  -  secreting 
glands  :  They  are  simple  or  branched  tubular 
glands  formed  from  the  simple  columnar  epi¬ 
thelial  layer  and  open  on  the  upper  surface  of 
the  tongue. 

The  lower  surface  of  the  tongue  is  covered 
by  a  stratified  ciliated  columnar  epithelium 
containing  goblet  cells. 

3  -  The  tunica  propria  in  a  connective  tis¬ 
sue  which  is  very  rich  in  blood  vessels  ,  capil¬ 
laries  and  nerves. 

4  -  The  submucosa  :  It  consists  of  loose 
C,T.  and  is  less  prominent  on  the  upper  surface 
than  the  lower  one. 

5  -  The  muscularis  :  It  is  built  up  of 
bundles  of  striated  muscle  fibres  held  together 
by  C.T.  extending  from  that  of  the  submucosa  . 
These  bundles  are  disposed  in  various  direc¬ 
tions,  some  are  transverse,  others  longitudinal. 
Some  others  are  vertical  or  oblique. 


ipJA jail  ilLJ  J  cr-'j 

^ 

f-LlP  jl  AC..Va  OLj  <Ji>- 

<  ojIj]  a  .1  Ja-P  JiUI  t 
j  a  JL— 

J*  jot y.  ■■  ,>Ufcl  *LuJI  jl  U-Utl  ULUI  -  1 

.  — Jl  4jul»  Ol—JJ  qLuJI 

C f*  ^  J -—--o  »  ■*  — 1  +.)a'.lA 

2-w.L  1  -»  —  1 

.  L^2u\_gJ  „\1£* 

ij—. — ^2 — J  oLJi-1  —  c-i 

♦  ^*\jt 

j-Lp  ^yfcj  :  3*UJ-P  iXt  -  Y 

<XJaJl  IjjJ  jA. I*  jl  4’3;— ^ 

.  OLU  Jl 

4_<_  1?  j^Li— Jl  Ova--  ^JLp 
iSj.— :  (^jlII 

. 

VjVL  IJbr  ^  rL>  gj-J  UiaJI  -  r 

.  iw-'lwaP Vij  Aj jjl 

Jl  UL S»  :  SLWiM  U-laJI  -  i 

OLJJ  J>l 

.  JU\  ■  ■ 

U <  4  J .jtlfcll  4  a  . \n  1  \  —  0 

i  (J? j> o  j  I  ^  ./a ■  ■>  la  -7 Jj  j  <JL  Ja*» 

1  **  — **•  4.  A -la  )l  ^ij  —ill 

1  ^  i  Ji  0  J-UT 

.  iljl*  jl  S-J \  ^  ./7Ktj  1  4-v? 


-108- 


V.S.  OF  THE  TONGUE  OF  THE  RABBIT 

The  tongue  of  the  rabbit  is  built  up  of  the 
following  : 

The  mucosal  membrane  :  This  is  a  layer 
of  almost  nonkeratinized  stratified  epithelium 
covering  both  upper  and  lower  surfaces  of  the 
tongue.  The  upper  surface  is  thrown  into  sever¬ 
al  folds  into  which  project  three  types  of  papil¬ 
lae. 

a  -  The  filiform  papillae.  They  are  found 
mostly  on  the  anterior  part  of  the  upper  sur¬ 
face  of  the  tongue.  These  papillae  are  thread¬ 
like  structures  covered  by  a  keratinized  strati¬ 
fied  squamous  epithelium  and  composed  of 
loose  C.T.  core. 

b  -  The  foliate  papillae.  They  are  found  in 
the  posterior  part  of  the  upper  surface  of  the 
tongue.  The  papillae  have  broad  tops  with  taste 
buds  along  its  sides  and  covered  with  a  strati¬ 
fied  squamous  epithelium. 

Ducts  of  multicellular  glands  (or  Von  Em¬ 
ber's  glands)  are  opening  in  the  depths  of  cir¬ 
cular  furrow. 

c  -  Fungiform  papillae  :  They  are  found  in 
the  anterior  region  of  the  tongue.  They  have 
broad  tops  and  narrow  bases  covered  by  strati¬ 
fied  squamous  epithelium  and  have  taste  buds 
on  their  upper  surface. 

-  Taste  buds : 

They  are  neuroepithelial  flask-shaped 
structures  composed  of  three  types  of  cells  : 
basal  cells,  supporting  cells  and  sensory  cells 
provided  with  short  hairs  (hairlets). 
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The  muscularis  and  the  submucosa  :  The 
tongue  is  composed  chiefly  of  bundles  of  stri¬ 
ated  muscle  fibres  that  interconnect  with  one 
another  and  disposed  in  different  planes.  Be¬ 
tween  the  muscle  bundles,  there  is  an  areolar 
C.T.  containing  adipose  tissue,  blood  vessels 
and  nerve  fibres. 

SALIVARY  GLANDS  OF  RABBIT 

They  are  three  pairs  of  exocrine  glands 
found  in  the  mucosal  membrane  of  the  buccal 
cavity  of  rabbit,  these  are  :  the  parotid  ,  sub- 
mandibuler  (submaxillary)  and  sublingual 
glands.  The  salivary  glands  are  compound  tu- 
bulo-acinar  (tubuloalveolar)  glands. 

They  are  composed  of : 

1  -  Connective  tissue  elements  or  stroma 
which  includes  :  a  thick  loose  C.T.  capsule, 
C.T.  trabeculae  containing  blood  vessels, 
lymph  vessels  and  different  ducts  of  the  gland  . 

2  -  Secretory  portion  or  parenchyma 
which  include  mucous  and/or  serous  acini  and 
myoepithelial  cells  present  around  serous 
cells. 

Serous  acini  (or  serous  alveoli).Each  ser¬ 
ous  acinus  is  lined  by  pyramidal  cells.  Their 
basal  cytoplasm  is  basophilic  and  the  apical 
portion  have  a  small  acidophilic  secretory  gra¬ 
nules.  The  nuclei  are  rounded  in  shape  and 
central  in  position.  The  serous  acini  have  a  nar¬ 
row  lumen, 


01 — U!  O^So  :  gWlifcl  S.I  iaoll 

ilaiajM  y  y 

*JLa  yj  i  oby. — A 

.  *  _  I  ujLJtj  tjy  J  CjI LiAJ  Jl  ^jlp  yy*" 


uj/HI  j  J^UUl  lOAll 

tj  Uy  y  cf-  vW*  u*) 

1  lUjVI  y  y*-*Jt  Cfd)l  yMjil 

jljai  OLC  y!l  )  C-rf-  iJiJlj  i-aSlJl  iJjJl  y>j 

.  Sail _ U1  cs-  i JjJIj  (  LSliil  cjf-  i-U5l  U_i  t^Jp 

.  K& y  Ljyi  1  ^P  SjLp  tdjl  i-LiJlj 

:  O'  j u*J 

: jZ. i  jjlt  jl  jyj  ^  U  j  -  1 

iJl  ^  — - 

. 

cfj-^  yj  u<a.tjljJI  jl  *jJr\  —  Y 

•oil!  )  LLW  gull  jl  (  U^JI  sajJl  )  gLa>  uyr 
l.U a  Sj-Hfc  <  (  ULJUl  c^Jlj  i_~Ul  cU 

.  *JUil  l^bUll  Jy 

«Uy»  yj  (  aJUll  ObUyJ-1  )  i-Ull  k/yUI 

LjJjpli  y  ^jblj y- — ll  oL  <  JSUll  U y 

\i'y|  oU  Js-  LyU  cfy£  tyj  ,  JpUJI  ^apli 
5j)_rS”  Sjyf  yp  LbUil  «a*  (_Syi£j  .  JplUjl  *  ■  Ja 
.  UalaJl  0| 


-111- 


Mucous  acini  (or  mucous  alveoli) ,  Mu¬ 
cous  acinus  is  lined  by  pyrimidal  cells  which 
are  pale.  Staining  with  abundant  clear  cyto¬ 
plasm.  The  nuclei  are  flattened  in  shape  and  lo- 
cated  at  the  bases  of  the  cells.  The  mucous  aci¬ 
nus  is  more  larger  in  size  and  more  wider  in 
lumen  than  that  of  the  serous  acinus. 

3  •  The  ducts  of  the  glands  which  include 
a  -  The  intercalated  (interealary)  ducts  : 
They  are  very  small  ducts  extending  from  the 
secretory  acini.  They  are  lined  by  simple  cu- 
boidal  epithelial  cells.  These  ducts  fuse  togeth¬ 
er  to  from  the  striated  duct. 

b  -  The  striated  or  interlobular  ducts  : 
They  arc  lined  with  a  low  simple  columnar  epi¬ 
thelium  and  a  characteristic  fine  striated  pat¬ 
tern  of  basal  cytoplasm.  These  duct  are  collect¬ 
ed  to  fbrm  large  inter-lobular  duct.  ... 

c  -  The  interlobular  ducts  :  They  are  lined 
by  pseudostratified  epithelium.  These  ducts  are 
fused  together  to  form  a  single  major  duct. 

d  -  The  major  duct :  It  is  the  terminal  ex¬ 
cretory  duct  of  the  salivary  gland.  It  is  lined 
with  stratified  columnar  epithelium  gradually 
transformed  into  stratified  squamous  epitheli¬ 
um  near  its  opening  in  the  mouth  cavity. 
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THE  PAROTID  GLAND 

The  parotid  glands  are  located  below  and 
in  front  of  the  pinna  on  either  side  of  the  face. 
These  glands  are  composed  entirely  of  serous 
acini,  ducts  and  C.T.  stroma. 

THE  SUBMANDIBULAR 
(SUBMAXILLARY)  GLANDS 
The  submandibular  glands  are  situated  on 
either  side  of  the  neck  just  below  the  mandible. 
These  glands  are  composed  of  bolh  mucous 
and  serous  acini ,  ducts  and  areolar  C.T.  stro¬ 
ma  .  Some  mucous  acini  are  capped  by  serous 
coat . 

THE  SUBLINGUAL  GLANDS 
The  sublingual  glands  are  situated  in  the 
floor  of  the  mouth.  These  glands  are  formed, 
predominantly  of  mucous  acini,  small  ducts 
and  C.T.  stroma . 
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T.S.  OF  THE  OESOPHAGUS 
OF  THE  TOAD 

The  oesophagus  of  the  toad  is  formed  of 
the  following  parts . 

The  Serosa  :  It  is  formed  of  simple  squa¬ 
mous  epithelium . 

The  muscularis  :  It  is  formed  of  smooth 
muscle  fibres  which  are  arranged  into  an  outer 
longitudinal  and  an  inner  circular  layers  .  The 
inner  layer  is  more  thicker  than  the  outer  one  . 

The  submucosa  :  It  consists  of  loose  C.T. 
containing  blood  vessels  and  nerve  fibres  . 

The  mucosa  :  It  is  thrown  up  into  folds 
which  give  off  secondary  ones  which  are  lined 
by  a  simple  partially  ciliated  columnar  epitheli¬ 
um  containing  goblet  cells  ,  over  a  lamina  pro¬ 
pria.  The  mucosa  contains  also  simple 
branched  tubular  glands  which  open,  in  the  lu¬ 
men  of  the  oesophagus  .  Some  of  these  gland 
bodies  appear  in  cross  -  section  rounded  or 
oval  in  shape  lined  with  simple  columnar  epi¬ 
thelium  .  These  glands  opened  in  the  lumen  of 
the  oesophagus . 

Muscularis  mucosa  :  It  consists  of  patches 
of  smooth  muscle  fibres  scattered  in  t*'  :uco- 
sal  connective  tissue  . 
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T.S.  OF  THE  OESOPHAGUS 
OF  THE  RABBIT 

The  wall  of  the  oesophagus  of  rabbit  is 
formed  of  the  following  : 

The  fibrous  coat  (adventitia)  :  It  is 
formed  of  a  thin  layer  of  fibrous  C.T.  that 
binds  the  oesophagus  to  the  adjacent  struc¬ 
tures. 

The  muscularis  :  It  is  built  up  of  three 
layers,  an  outer  and  inner  longitudinally  and 
inner  circularly  disposed  muscle  fibres.  How¬ 
ever,  the  muscularis  is  variable  in  its  muscle  fi¬ 
bre  types  along  the  length  of  oesophagus.  The 
upper  third  has  striated  muscle  fibres,  the  mid¬ 
dle  mixed  striated  and  smooth  muscle  fibres 
and  lower  third  has  only  smooth  muscle  fibres. 

The  submucosa  :  It  consists  of  loose  C.T. 
containing  blood  vessels  and  nerve  fibres. 

The  mucosa  :  It  is  thrown  into  little  broad 
folds  covered. with  a  non-keratinized  stratified 
squamous  epithelium  over  a  lamina  propria. 

The  muscularis  mucosa  :  It  is  a  thin  layer 
of  inner  circular  and  outer  longitudinal  smooth 
muscle  fibers  . 

T.S.  OF  THE  STOMACH  OF  THE  TOAD 

The  wall  of  the  stomach  of  the  toad  is 
formed  of  the  following  parts: 

Serosa  :  It  consists  of  an  outer  layer  of 
simple  squamous  epithelium  resting  on  a  thin 
layer  of  loose  C.T.  (sub-serosa). 

Muscularis  :  It  is  formed  of  a  single  thick 
layer  of  circular  smooth  muscle  fibres. 
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Submucosa  :  It  consists  of  loose  C.T.  con¬ 
taining  blood  vessels  and  nerve  fibres. 

Mucosa  :  It  is  thrown  up  into  conical  folds 
lined  by  simple  columnar  epithelium  which 
gives  rise  tubular  glands  of  the  simple 
branched  type  resting  on  a  basal  lamina.  Also, 
notice  -  in  the  mucosal  C.T.  the  presence  of 
several  cross  sections  of  its  branched  bodies 
with  rounded  or  oval  shapes.  Goblet  cells  are 
not  present. 

The  muscularis  mucosa  :  It  consists  of 
two  well  developed  layers,  an  outer  longitudi¬ 
nal  and  inner  circular  smooth  muscle  fibres. 

T.S.  OF  THE  FUNDUS  OF  THE 
STOMACH  OF  RABBIT 

Examine  a  transverse  section  of  either  the 
fundus  and  /  or  body  of  the  stomach  of  rabbit 
and  notice  that  it  is  composed  of  the  follow¬ 
ing  : 

Serosa  :  It  is  formed  of  simple  squamous 
epithelium. 

Muscularis  :  It  is  built  up  of  two  layers,  an 
outer  longitudinal  and  inner  circular  muscle 
layers  of  smooth  muscle  fibres.  The  inner  layer 
is  more  thicker  than  the  outer  one. 

Mucosa  :  The  mucosa  is  a  thick  coat  com¬ 
posed  of  surface  columnar  epithelium,  lamina 
propria  of  C.T.  which  contains  the  gastric 
glands  (the  fundic  glands),  and  the  muscularis 
mucosa.  Notice  clearly  that  the  surface  epithe¬ 
lium  is  formed  of  simple  columnar  epithelium, 
devoid  of  goblet  cells,  that  cover  the  free  sur¬ 
face  of  the  stomach  and  extends  into  the  gastric 
pits. 
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The  gastric  glands 

They  arc  simple  branched  tubular  glands 
lying  in  the  lamina  propria  below  the  gastric 
pits. 

Each  gland  consists  of  three  parts,  neck, 
body  and  fundus. 

1  -  Mucous  neck  cells  :  They  are  simple 
low  columnar  epithelium  lining  the  necks  of 
the  gastric  glands. 

2  -  The  chief  cells  (peptic  cells) :  They  are 
most  abundant  cells  in  the  gastric  glands  and 
predominate  in  the  lower  portions  of  the  fundic 
glands  .  They  are  cuboidal  or  low  columnar 
cells  having  a  basal  basophilic  cytoplasm. 

3  -  Parietal  cells  (oxyntic  cells) ;  They  are 
large  pyramidal  or  rounded  cells  with  central 
nuclei  and  eosinophilic  cytoplasm.  They  are 
scattered  singly  in  small  groups,  between  the 
chief  ceils  and  the  mucous  neck  cells. 

4  -  Entero-endocrine  cells  :  They  are  a 
small  rounded  celis  present  in  the  bases  of  the 
gastric  glands.  They  do  not  stain  with  haema- 
toxyiine  and  Eosin,  but  they  are  silver  stained, 
so  that  they  are  called  argentaffin  cells. 

The  muscularis  mucosa  :  consists  of  an 
outer  longitudinal  and  an  inner  circular  layers 
of  smooth  muscle  fibres. 

T.S.  OF  THE  ILEUM  OF  THE  TOAD 

It  is  composed  of  the  following  parts  : 

Serosa  :  It  is  formed  of  simple  squamous 
epithelium. 
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Muscularis  :  It  consists  of  an  outer  longi¬ 
tudinal  and  an  inner  circular  smooth  muscle 
layers  of  smooth  muscle  fibres.  The  latter  layer 
is  more  thicker  than  the  former  one. 

Submucosa  :  It  is  formed  of  loose  C.  T. 
containing  small  blood  vessels. 

Mucosa  :  it  is  thrown  up  into  many  simple 
folds  extending  into  the  lumen  of  the  ileum 
called  "  villi "  .They  have  a  lamina  propria  of 
loose  C.T.  contaning  lymph  spaces  and  lym¬ 
phocytes  and  is  covered  by  absorvative  simple 
columnar  epithelium,  with  goblet  cells  present 
among  them. 

The  muscularis  mucosa  is  absent. 

T.S.  OF  THE  ILEUM  OF  THE  RABBIT 

It  consists  of  the  following  parts  : 

Serosa  :  It  is  formed  of  a  simple  squamous 
epithelium.  ,  ■  ' 

Muscularis  :  It  is  formed  of  an  outer  lon¬ 
gitudinal  and  an  inner  circular  smooth  muscle 
layers.  The  latter  layer  is  more  thicker  than  the 
former  one. 

Submucosa  :  It  is  formed  of  a  loose  C.T. 
containing  blood  vessels  and  nerve  fibres. 

Mucosa  :  This  coat  is  thrown  up  into  nu¬ 
merous  folds  called  villi.  They  are  covered  by 
absorvative  simple  columnar  epithelium  and 
abundant  goblet  cells.  The  villi  have  a  lamina 
propria  of  loose  C.T.  containing  small  blood 
vessels,  lymphatics  (iacteals),  and  lymphocy¬ 
tes.  The  lamina  propria  of  the  mucosa  splits  the 
muscularis  mucosa  and  extends  into  the  sub- 
mucosa. 
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In  addition,  simple  tubular  glands  or 
crypts  of  Lieberkiihn  extend  down  from  the 
jases  of  the  villi  to  the  muscularis  mucosa. 
The  epithelium  lining  of  the  crypts  is  continu¬ 
ous  with  that  of  the  villi. 

The  muscularis  mucosa  is  formed  of  an 
outer  longitudinal  and  inner  circular  smooth 
muscle  thin  layers. 

T.S.  OF  THE  RECTUM  OF  THE  TOAD 

It  is  formed  of  the  following : 

Serosa  :  It  consists  of  simple  squamous  ep¬ 
ithelium. 

Muscularis  :  It  is  formed  of  an  outer  lon¬ 
gitudinal  and  an  inner  circular  smooth  muscle 
layers.  The  latter  layer  is  more  thicker  than  the 
former  one. 

Submucosa  :  It  consists  of  a'  wide  layer  of 
loose  C.T.  containing  blood  vessels  and  lymph 
spaces. 

Mucosa  :  It  is  thrown  up  into  a  few  short 
folds  covered  by  a  simple  columnar  epithelium 
containing  numerous  goblet  cells.  These  folds 
are  much  shorter  than  those  of  the  ileum,  and 
thus  its  lumen  appears  much  wider. 
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Mucosal  layer  containing  tubular  glands.  -Mucosal  layer  lacking  tubular  glands. 

*  T.S.  of  oesophagus  of  toad.  *  T.S.  of  oesophagus  of  rabbit. 

*  T.  S.  of  stomach  of  toad.  *  T.  S.  of  ileum  of  toad. 
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THE  DIGESTIVE  GLANDS 

Section  of  the  Liver  of  Toad 

The  liver  of  toad  is  a  compound  tubular 
gland,  covered  by  a  thin  peritoneal  coat  of 
simple  squamous  epithelium.  It  consists  micro¬ 
scopically  of  the  following  structures  : 

1  -  The  hepatic  acini :  They  are  numerous 
rounded  in  shape  bodies  lined  by  triangular  he¬ 
patic  cells.  They  have  a  secretory  granular  cy¬ 
toplasm  and  rounded  nuclei. 

Many  of  the  hepatic  cells  contain  pigment 
granules  which  are  also  irregularly  scattered  in 
the  liver  tissues. 

The  acinus  has  a  narrow  central  cavity,  the 

bile  canalicule. 

2  -  Bile  ductules  :  The  bile  canaliculi  col¬ 
lect  to  form  small  ducts  called  bile  ductules, 
.'hey  are  distributed  among  the  hepatic  acini 
especially  in  the  vicinity  of  the  large  blood 
vessels.  The  bile  ductules  are  lined  by  a  simple 
cuboidal  epithelium  and  possesses  a  wide  cavi- 

ty- 

The  liver  of  the  toad  has  also  large  blood 
vessels,  blood  capillaries  and  blood  sinusoids 
found  in  between  the  hepatic  acini. 

Section  of  Mammalian  Liver 

The  best  specimen  is  that  obtained  from 
the  pig.  However,  the  mammalian  liver  is  cov¬ 
ered  by  a  capsule  formed  of  a  thin  peritoneal 
layer  of  simple  squamous  epithelium,  below 
which  is  a  thin  loose  C.T.  layer.  This  liver  is  a 
reticular  gland. 

In  sections,  the  liver  appears  to  be  consist¬ 
ing  of  the  following  structures  : 

The  hepatic  lobules  :  They  are  polygonal 
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Pigments 


in  shape.  In  humans  and  most  mammals, 
the  outline  of  the  tubules  are  indistinct,  except 
in  the  liver  of  pig  in  which,  the  lobulation  is 
quite  distinct,  because  they  are  surrounded  by 
loose  C.T.  septa. 

The  hepatic  lobule  is  made  up  of  branched 
ribbons  of  polygonal  epithelial  cells  or  hepa- 
tocytes  arranged  in  hepatic  plates  or  cords  ra¬ 
diating  from  a  central  intra  lobular  vein  to  the 
periphery  of  the  lobules. 

Between  these  liver  cords  are  found  blood 
capillaries  or  sinusoids. 

Bile  canaliculi  are  present  between  the 
rows  of  the  hepatic  cells. 

Portal  areas  or  portal  tracts  :  At  the  cor¬ 
ners  of  the  lobules,  there  are  small  branches  of 
the  portal  vein,  hepatic  artery,  bile  duct  lined 
by  cuboidal  epithelium  and  lymphatic  vessels, 
all  are  supported  by  loose  C.T. 

Section  of  Rabbit  Pancreas 

The  mammalian  pancreas  is’also  consist¬ 
ing  of  an  exocrine  and  endocrine  parts.  The 
exocrine  part  is  a  compound  tubuio-acinous 
(alveolar)  gland.  The  endocrine  portion  is 
known  as  islets  of  Langerhans. 

The  pancreas  is  covered  by  a  thin  perito¬ 
neal  layer  of  squamous  epithelium,  below 
which  is  a  fine  capsule  of  loose  C.T.  from 
which  narrow  irregular  C.T.  septa  extending  to 
the  interior  part  dividing  it  into  certain  lobules 
and  contain  blood  vessels  and  nerve  fibres. 

The  parenchyma  of  exocrine  part  consists 
of  rounded  secretory  acini  (panacreatic  acini) 
and  excretory  or  pancreatic  ducts.  The  pan¬ 
creatic  acinus  is  formed  of  pancreatic  cells  en¬ 
closing  a  narrow  lumen  having  small  centro- 
acinar  cells. 
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The  pancreatic  cells  are  pyramidal  in 
shape.  Their  lower  halfs  contain  basophilic 
cytoplasm  and  rounded  nuclei,  and  their  upper 
half  is  close  to  the  lumen  and  contains  fine 
acidophilic  (zymogen)  granules. 

The  pancreatic  ducts  are  lined  by  simple 
cuboidal  epithelium.  Their  cytoplasm  stains 
less  intensely  than  the  cytoplasm  of  the  aci¬ 
nous  cells. 

The  islets  of  Langerhans  are  scattered 
through  the  exocrine  portion  of  the  pancreas. 
They  appear  as  small  masses  of  polyhedral 
cells  arranged  in  cords  separated  by  a  network 
of  blood  capillaries.  They  exhibit  paler  staining 
than  the  surrounding  pancreatic  acinar  cells. 

These  islets  mainly  include  two  types  of 
cells  which  can  be  distinguished  by  demon¬ 
strating  their  granules  using  special  stains  : 

Alpha  cells,  few  in  number  and  contain 
acidophilic  granules  exhibiting  a  fed  colour 
with  Mallory-Azan  stain.  The  second  variety, 
is  known  as  Beta  cells,  much  numerous  and 
contain  fine  orange-stained  granules  . 
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4  -  EXCRETORY  ORGANS 

T.S.  of  the  Kidney  of  the  Toad 

The  kidney  of  the  toad  is  a  small  elongated 
structure  consisting  of  numerous  nephric  units 
(tubules)  lined  together  by  loose  C.T.  contain¬ 
ing  blood  vessels  and  blood  capillaries. 

Notice  the  presence  of  yellowish  patches 
(the  adrenal  gland)  on  the  ventral  side  of  the 
kidney.  The  kidney  is  limited  by  a  thin  mem¬ 
brane.  the  cisterna  magna  which  attaches  the 
kidney  to  the  dorsal  body  wall. 

The  kidney  of  the  toad  appears  is  cross 
sections  consisting  of  the  following  structures  : 

Wolffian  duct :  It  is  located  on  the  lateral 
border  of  the  kidney  receiving  the  urine  from 
the  collecting  tubules.  It  is  lined  by  simple  cili¬ 
ated  cuboidal  epithelium  and  covered  by  C.T. 
and  smooth  muscle  fibres. 

Rena)  portal  vein  :  It  is  located  close  to 
the  Wolffian  duct  and  contains  blood  cells. 

Renal  artery  and  renal  vein  :  They  are 
located  in  the  ventral  concave  side  of  the  kid¬ 
ney. 

Peritoneal  funnels  :  These  are  conical  or 
funnel-shaped  openings  lined  by  ciliated  epi- 
'  elium.  They  are  located  on  the  ventral  side 
"  .he  kidney. 

Wall  of  cisterna  magna  :  It  is  a  peritoneal 
layer  attached  to  the  ventral  side  of  the  kidney. 

The  nephric  tubules  :  each  nephic  tubule 
consists  of  the  following  : 

-  Malpighian  corpuscle  :  It  is  a  rounded 
body,  consisting  of  an  outer  thin  double  walled 
structure  formed  of  simple  squamous  epitheli¬ 
um  called  Bowman's  capsule  and  central  tuft 
of  blood  capillaries  called  Glomerulus.  Both 
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structures  form  a  Malpighian  corpuscle. 

-  Uriniferous  or  convoluted  tubules  :  The 
wall  of  each  tubule  is  lined  by  granular  simple 
pyramidal  epithelium  and  has  a  narrow  lumen. 

-  Collecting  tubules  :  They  are  lined  with 
simple  cuboidal  epithelium  and  have  a  wide  lu¬ 
men. 

The  Mammalian  Kidney 

It  is  a  reddish  bean  structure.  In  a  longitu¬ 
dinal  hand  section  of  the  kidney  of  rabbit,  the 
following  structures  are  seen  from  the  convex 
border  to  the  concave  one;  hilum  (or  renal  si¬ 
nus)  ; 

A  -  Fibrous  capsule. 

B  -  Cortex  :  It  has  a  reddish  brown  color 
and  a  small  red  dots  or  granules  are  visible, 
these  are  renal  Malpighian  corpuscles. 

C-  Medulla  :  It  is  radially  striated  and  con¬ 
tains  conical  pale  structures.  These  are  thfe  me¬ 
dullary  pyramids.  The  bases  of  the  pyramids 
re  near  the  border  of  the  cortex  and  their  apic¬ 
es  project  into  the  renal  pelvis  (the  upper  end 
of  the  ureter). 

N.B.  The  cortex  and  medulla  are  not  total¬ 
ly  separated  from  each  other,  but  the  cortical 
tissue  projects  through  the  medulla  toward  the 
pelvis. 

T.S.  of  the  Kidney  of  Rabbit 

Examine  a  transverse  section  of  the  kidney 
of  rabbit  and  notice  that  it  consists  of  the  fol¬ 
lowing  structures : 

1  -  Fibrous  capsule  :  It  is  formed  of  dense 
fibrous  C.T. 

2  -  Malpighian  corpuscles  :  They  are 


j*  jUr  (j-*  OjScSj  <  aAtill  jl  Jj^Jl  oUSl- 
-U->-  * — 1  Jl  1— o J| 

\  |  :  2a*UU1  OU.ji  ;>S/'  — 

:ll  L-fyLb  i  i  :U  Lfi  i  1 . . 

■  J*-J 

iJ S' 

•a*l — : — ■  <^5^  *— u* 

j!  yds  J\  Ifl  vjjil  jkJl  ^  <Si\ 

•  •  IS jl£i\  »  (_(« — I  jjAj  *J-Jl 


.  ijscjbt  3_iJ  Vn&yiA  —  1 
Jl  VjLail  LfijJL  i  i ^liJl  -  v 

i j.-.  *  f.\ cA. j*  It  a  '  j  j>Luj  (  Oji'l 
•  u’PTrL.  J'bl  J*  J-^‘  ,j*J  < 

Lflt  *  ^lAill  —  £ 

il»lj  iJejj***  Jp 

jlUJ  Jl  -LpljJtJt  i 

iijjJl  ij Uj!^-i  jjJ  U-lj  i  z 

O'  t-y*&  -iflj  jl  tjj&i  <j 

.  UUJI 

ZjJmSJI  -A*-  V 

■  *^!  J  tj  •jjb  j+fcj  ‘ 


J jjtj  ji\  C-iS*  ^ 

:  -JV\ 


J  {j*  tl >j£s*  :  ^Ayill  —  S 

‘CL  f  a*J  :  IS*-*J*  cAij?  -  Y 


-134- 


spherieal  bodies  present  mainly  in  the  cortex; 
each  one  consists  of : 

a  -  Bowman's  capsule  :  It  is  a  double 
walled  cup  of  simple  squamous  epithelium, 
separated  by  a  narrow  space. 

b  -  Glomerulus  ;  It  consists  of  tuft  of 
blood  capillaries. 

3  -  Proximal  convoluted  tubules  : 

In  cross  section,  the  proximal  tubule  has  a 
rounded  shape  with  narrow  lumen  and  their 
wall  is  lined  by  large  cuboidal  or  conical  sim¬ 
ple  epithelial  cells.  These  cells  have  indistinct 
boundaries  have  a  brush  border,  acidophilic 
cytoplasm  rich  in  granules  and  large  spherical 

nuclei. 

4  -  Distal  convoluted  tubules  : 

In  cross  section,  the  distal  tubule  has  a 
spherical  shape,  a  slightly  wider  lumen  than 
that  of  the  proximal  tubule  and  their  thin  walls 
are  lined  by  small  simple  cuboidal  epithelial 
cells.  These  cells  have  distinct  boundaries, 
faint  acidophilic  cytoplasm  less  granular  and 
spherical  nuclei. 

5  -  Henle's  loops  : 

Henle's  loops  are  extending  radially  in  the 
medulla.  It  is  divided  into  thick  and  thin  parts. 

Thick  descending  portions  of  Henle's 
loop  :  They  are  closely  similar  in  structure  to 
proximal  and  distal  convoluted  tubules  .  They 
are  lined  by  simple  cuboidal  epithelium. 

Thin  ascending  limbs  of  Henle's  loop  ; 
They  are  lined  by  squamous  flattened  cells 
with  nuclei  protruding  into  the  wide  lumina. 
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6  -  Collecting  tubules  : 

The  distal  tubules  empty  into  collecting  tu¬ 
bules  in  the  cortex  which  -  in  turn  -  empty  into 
a  collecting  duct  lying  within  the  medullary 
rays.  The  collecting  ducts  descent  into  the  me¬ 
dullary  rays.  The  collecting  ducts  descend  into 
the  medulla  where  a  number  of  them  unite  to¬ 
gether  to  produce  large  ducts  at  the  tips  of  the 
Malpighian  pyramids. 

The  small  collecting  tubules  are  lined  by 
simple  cuboidal  epithelium,  while  those  tu¬ 
bules,  which  penetrate  deeper  into  the  medulla, 
are  lined  by  columnar  epithelium.  These  cells 
have  distinct  borders  and  pale  acidophilic  cyto¬ 
plasm  around  the  nucleus. 

-  Notice  also  the  presence  of  branches  of 
the  renal  artery  and  renal  vein  in  the  intermedi¬ 
ate  region  between  the  cortex  and  medulla,  nu¬ 
merous  blood  vessels  and  blood  capillaries  are 
present  in  the  poor  connective  tissue  which  is 
found  in  between  the  kidney  tubules. ; 
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5  -  RESPIRATORY  ORGANS 

T.S.  of  the  Lung  of  the  Toad 

The  lung  of  the  toad  has  a  wall  extending 
internally  into  a  large  number  of  trabeculae 
which  devide  the  wide  cavity  of  the  lung  into 
small  chambers  or  alveoli. 

.The  wall  of  the  lung  is  composed  of  an 
outer  mesothelial  layer  and  an  inner  endothe¬ 
lial  one  consisting  of  simple  squamous  epithe¬ 
lium.  In  between  these  two  layers,  there  is  a 
loose  C.T.  rich  in  elastic  fibres  and  containing 
blood  vessels  and  blood  capillaries.  This  tissue 
extends  into  the  core  of  the  trabeculae. 

The  trabeculae  are  lined  by  simple  squa¬ 
mous  epithelium  at  the  junction  with  endotheli¬ 
um  of  the  outer  wall  of  the  lung.  It  becomes 
simple  cuboidal  epithelium,  and  then  simple 
columnar  ciliated  epithelium.  The  core  of  the 
trabecula  consists  of  loose  C.T.  containing 
bundles  of  smooth  muscle  fibres,  blood  vessels 
and  capillaries. 

T.S.  of  the  Lung  of  Mammals 

The  mammalian  lung  is  covered  by  a  ser¬ 
ous  membrane,  the  pleura. 

The  lung  parenchyma  :  consists  of  sec¬ 
tions  of  the  bronchus,  bronchioles,  respiratory 
bronchioles,  alveolar  ducts  ,  alveolar  sacs  and 
alveoli 

The  serous  membrane  or  the  pleura  : 

It  is  formed  of  an  outer  simple  squamous 
epithelium  and  an  inner  areolar  connective  tis¬ 
sue  layer  containing  elastic  fibres,  blood  capil¬ 
laries  and  lymphatics. 
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1  -  The  bronchus  :  It  is  formed  of  the  fol¬ 
lowing  parts : 

The  mucosa,  is  lined  by  pseudostratified 
ciliated  epithelium  surrounded  by  the  lamina 
propria  which  is  formed  of  a  loose  C.T.  rich  in 
elastic  fibres  and  lymphocytes.  In  addition  to  a 
thin  muscular  layer,  formed  of  circular  smooth 
muscle  fibres. 

The  submucosa  ,  consists  of  loose  C.T. 
containing  groups  of  sero-mucous  glands  and 
several  cartilage  plates. 

2  -  Bronchioles  :  consisting  of : 

The  mucosa  ,  the  mucosal  folds  are  promi¬ 
nent  and  lined  by  simple  low  columnar  ciliated 
epithelium,  surrounded  by  a  lamina  propria. 

The  muscular  layer,  is  a  distinct  circular 
smooth  muscle  Fibres. 

Submucosa  (adventitia)  ,  is  formed  of 
loose  connective  tissue. 

3  -  Respiratory  bronchioles  :  It  is  lined 
by  a  simple  cuboidal  or  low  columnar  epitheli¬ 
um,  smooth  muscle  fibres  disposed  in  a  layer 
close  to  the  epithelium. 

4  -  The  alveolar  ducts  :  They  are  arising 
from  the  respiratory  bronchioles.  They  are 
formed  of  a  long  branching  thin-walled  tubules 
lined  with  a  simple  squamous  epithelium,  sur¬ 
rounded  by  a  very  thin  reticular  C.T.  contain¬ 
ing  smooth  muscle  fibres . 

5  -  Alveolar  sacs  :  Alveolar  ducts  pass  or 
end  by  rounded  spaces  (alveolar  sacs)  in  which 
the  alveoli  open. 
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Muscul&f  luyti  Mucosa 


6  -  Alveoli :  They  are  small  air  spaces  in 
contact  with  blood  capillaries,  open  into  an  al¬ 
veolar  sacs,  alveolar  ducts  or  respiratory  bron¬ 
chiole.  The  alveoli  are  lined  with  simple  squa¬ 
mous  epithelium. 

The  Mammalian  Trachea 

Examine  a  transverse  section  of  the  tra¬ 
chea  with  a  low  power,  and  notice  that  it  has  a 
rather  convex  side,  facing  the  outer  side  of  the 
throat  and  an  inner  concave  one  along  which 
the  oesophagus  is  extended. 

Then  examine  this  section  with  the  high 
power  and  notice  that  its  wall  consists  of  the 
following  parts : 

Mucosa  :  It  consists  of  an  internal  lining 
of  pseudostratified  ciliated  cells  with  goblet 
cells  in  between  .  This  epithelium  rests  on  a 
C.T.  layer  containing  elastic  fihres  (lamina 
propria). 

Submucosa  :  It  consists  of  loose  C.T. 
containing  blood  vessels,  nerve  fibres  and  mu¬ 
cous  glands  formed  of  low  columnar  epitheli¬ 
um  surrounding  a  narrow  lumen. 

Cartilaginous  ring  :  It  is  formed  of  fi¬ 
brous  tissue  in  which  the  C-shaped  cartilagi¬ 
nous  rings  are  completed  dorsally  by  smooth 
muscle  fibres  which  allow  the  distension  of  the 
oesophagus  during  the  passage  of  food  in  it. 
This  ring  is  formed  of  hyaline  cartilage. 

Fibrous  coat  or  adventitia  :  it  is  formed 
of  loose  C.T.  covering  and  protecting  the  tra¬ 
chea  from  outside. 
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6  -  GENITAL  ORGANS 


T.S.  of  the  testis  of  the  toad 

The  testis  of  the  toad  is  a  compound  tubu¬ 
lar  gland,  the  tubules  of  which  are  the  seminif¬ 
erous  tubules  that  produce  the  spermatozoa. 
The  testis  is  formed  of  the  following  structures 

-  Peritoneal  epithelium,  a  thin  outer  en¬ 
velope  of  simple  squamous  epithelium. 

-  Tunica  albuginea,  a  fibrous  connective 
tissue  capsule  containing  blood  vessels. 

-  Seminiferous  tubules,  round  or  oval 
structures,  and  being  surrounded  by  a  thin  con¬ 
nective  tissue  capsule  and  containing  cells  at 
different  stages  of  spermatogenesis  enclosed  is 
separate  cysts.  These  include  : 

Spermatogonia,  small  round  cells  with 
spherical  nuclei. 

Primary  spermatocytes,  large  cells  conta- 
ing  distinct  chromatin  bodies  in  the  nuclei. 

Secondary  spermatocytes,  with  large  nu¬ 
clei,  most  of  which  show  mitotic  figures. 

Spermatids,  small  round  cells  with  darkly 
stained  nuclei. 

Metamorphosing  spermatids,  oval  or  el¬ 
ongated  cells  undergoing  morphological 

changes  (spermiogenesis) . 

Spermatozoa,  in  groups  or  clusters  filling 
some  cysts,  and  connected  to  special  large  cells 
which  reach  the  periphery  of  the  tubule.  These 
are  the  cells  of  Sertoli. 

The  inter  tubular  tissue,  which  is  formed 
of  connective  tissue  holding  the  tubules  with 
each  other  and  contains  blood  vessels.  It  also 
contains  cells  of  endocrine  secretion,  the  inter¬ 
stitial  cells. 
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Tunica  albuginea 
f- 4£iiJ 


T.S.  of  the  Mammalian  testis 

The  testis  of  mammals  consists  of  : 

-  Peritoneal  epithelium:  An  outer  serous 
membrane  formed  of  simple  squamous  epithe¬ 
lium. 

-  Tunica  albuginea:  A  dense  eonneetive 
tissue  capsule  containing  blood  vessels. 

-  Seminiferous  tubules,  round,  oval  or  el¬ 
ongated  compartments  containing  several 
layers  of  cells,  representing  the  following  stag¬ 
es  of  spermatogenesis : 

-  Spermatogonia,  forming  the  outermost 
layer  of  cells.  They  are  small  round  cells  with 
spherical  nuclei.  Slender  or  pyramidal  cells, 
the  Sertoli  cells,  are  found  in  between  the  sper¬ 
matogonia.  These  cells  have  small  oval  nuclei. 

-  Primary  spermatocytes  :  Large  cells 
with  prominent  nuclei  that  contain  distinct 
chromatin  threads. 

-  Secondary  spermatocytes  :  Smaller 
cells  lying  nearer  to  the  lumen. 

-  Spermatozoa,  in  the  form  of  clusters  ly¬ 
ing  in  the  lumina  of  the  tubules.  They  are 
mostly  directed  towards  the  Sertoli  cells. 

-  The  inlertubular  connective  tissue, 

which  is  formed  of  connective  tissue  holding 
the  tubules  and  contains  blood  vessels.  It  also 
contains  darkly  stained  group  of  small  polygo¬ 
nal  cells,  the  interstitial  cells,  which  represent 
the  endocrine  portion  of  the  testis. 
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T.S.  of  the  ovary  of  the  toad 

The  ovary  of  the  toad  consists  of  a  large 
number  of  lobules  containing  oocytes  (ova)  at 
various  stages  of  oogenesis.  Each  lobule  has  a 
central  cavity  or  ovarian  sac.  In  section  the 
ovary  consists  of  the  following  : 

Theca  externa,  consisting  of  simple  squa¬ 
mous  epithelium. 

Theca  interna,  a  thin  connective  tissue 
layer,  below  the  theca  externa,  containing 
blood  vessels  and  lined  by  simple  squamous 
epithelium.  It  extends  around  the  ovarian  lo¬ 
bules. 

Oogonia,  single  or  groups  of  small  round 
or  oval  cells  attached  to  the  ovarian  wall.  They 
have  a  basophilic  granular  cytoplasm  and  small 
spherical  nuclei. 

Developing  oocytes,  large  round  or  oval 
cells  with  vesicular  nuclei  containing  feathery 
chromosomes  and  granular  cytoplasm  contain¬ 
ing  yolk  granules,  The  oocytes  are  surrounded 
by  a  follicular  epithelium  formed  of  simple 
squamous  cells. 

T.S.  of  the  oviduct  of  the  toad 

The  oviduct  of  the  toad  is  formed  of  an  an¬ 
terior  straight  portion  ,  followed  by  much  con¬ 
voluted  galndular  middle  portion  and  a  posteri¬ 
or  thin-walled  portion.  The  middle  portion 
consists  of : 

-  Serous  coat  (serosa),  formed  of  simple 
squamous  epithelium. 

-  Muscular  coat  (muscularis) ,  formed  of 
a  thin  layer  of  circularly-disposed  smooth  mus¬ 
cle  fibres. 
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-  Submucous  coat  (submucosa),  consist¬ 
ing  of  loose  connective  tissue,  containing 
blood  vessels  and  nerves. 

Mucous  coat  (mucosa) ,  formed  of : 

-  Epithelial  layer,  lining  the  lumen  of  the 
oviduct  and  consisting  of  simple  columnar  cili¬ 
ated  epithelium  containing  goblet  cells. 

-  Mucous  glands,  simple  tubular  glands 
lined  by  angular  mucus-secreting  cells,  con¬ 
taining  secretory  granules  and  separated  by 
thin  connective  tissue  septa,  the  lamina  pro¬ 
pria, 

T.S.  of  the  Mammalian  Ovary 

The  ovary  of  mammals  is  a  small  gland 
connected  to  the  dorsal  body  wall  by  mesenter¬ 
ies.  The  point  of  attachement  of  the  ovary  to 
the  mesenteries  is  known  as  the  hilum  . 

In  section  the  ovary  consists  of : 

-  Germinal  epithelium,  a  peritoneal  epi¬ 
thelium  covering  the  ovary  and  formed  of  sim¬ 
ple  squamous  to  simple  cubical  cells. 

-  Medulla,  a  central  portion  consisting  of 
loose  connective  tissue  containing  blood  ves¬ 
sels. 

-  Cortex,  consisting  of  stroma  of  connec¬ 
tive  tissue  and  unstriated  muscle  fibres;  the  lat¬ 
ter  is  thicker  near  the  hilum.  The  cortex  con¬ 
tains  the  following  structures: 

Oogonia  :  groups  of  small  round  cells  ly¬ 
ing  near  the  periphery.  They  have  small  central 
nuclei. 

Primary  follicles  :  Each  follicle  consists 
of  a  primary  oocyte  with  vesicular  nucleus, 
surrounded  by  a  single  layer  of  small  round 
follicular  cells. 
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Developing  follicles 
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-  Developing  follicles  :  lying  deeper  in  the 
cortex  and  including  advanced  stages  of  ovari¬ 
an  follicles.  Each  follicle  consists  of  a  central 
oocyte  surrounded  by  a  distinct  membrane,  the 
zona  pellucida  and  several  layers  of  follicle 
cells.  Some  follicles  have  fluid  containing  vac¬ 
uoles  between  the  follicular  cells. 

Mature  Graafian  follicle  :  Large  follicles, 
each  consisting  of  an  eccentric  oocyte  (ovum), 
surrounded  by  a  clear  zona  pellucida  and  sev¬ 
eral  layers  of  follicular  cells  forming  the  cumu¬ 
lus  oophorus  (discus  proligerus).  A  large  cavi¬ 
ty  containing  a  fluid  called  the  liquor  folliculi, 
is  found  at  one  side  of  the  follicle.  A  thick  out¬ 
er  layer  of  smallcells,  the  membrana  granulo¬ 
sa,  forms  the  outer  part  of  the  follicle  and  is 
covered  externally  by  a  connective  tissue  layer, 
the  theca  folliculi .  The  theca  folliculi  consists 
of  theca  interna  and  theca  externa. 

Corpus  luteum,  representing  the  remains 
of  the  mature  Graafian  follicle  after  the  release 
of  the  ovum.  It  consists  of  radially  arranged  fu¬ 
siform  cells  separated  by  fibrous  connective 
tissue. 

Inter  follicular  cells,  consisting  of  spindle- 
shaped  stromal  cells  that  secrete  the  female  sex 
hormones. 
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7  ■  THE  ENDOCRINE  (DUCTLESS) 
GLANDS 

As  their  name  indicates,  these  organs  are 
secretory  ones  serving  to  produce  different  va¬ 
rieties  of  hormones.  But  they  differ  from  the 
previously  described  glands  (see  the  glandular 
epitheiia)  in  the  fact  that  they  have  no  ducts 
for  the  passage  of  their  secretions.  Hence,  they 
are  termed,  endocrine  (  internal  secretion  )  or 
ductless  (i.e.  with  no  ducts)  .  This  is  to  distin¬ 
guish  them  from  the  previous  exocrine  glands, 
or  glands  with  special  ducts  (such  as  the  mu¬ 
cous  and  poison  glands  of  the  toad  or  salivary 
glands  in  rabbit)  .  Endocrine  glands  include  : 
the  pituitary,  adrenal,  thyroid  and  other 
glands. 

The  Mammalian  Pituitary  Gland 
(hypophysis) 

This  gland  is  a  small  spherical  structure, 
attached  to  the  posterior  part  of  the  infundibu¬ 
lum  on  the  lower  side  of  the  brain. 

Examine  a  transverse  section  of  the 
gland  and  notice  the  following  : 

The  pituitary  gland  is  covered  by  a  cap¬ 
sule  consisting  of  fibrous  C.T. 

It  is  divided  anatomically  into  two  lobes  : 

-  The  anterior  lobe  or  the  adenohypoph¬ 
ysis,  consisting  of  the  pars  distalis  ,  pars  in¬ 
termedia,  pars  tuberalis. 

-  The  posterior  lobe  consisting  of  pars 
nervosa  and  infundibulum. 

-  Pars  distalis  is  the  largest  division  of 
the  pituitary  gland.  It  is  formed  of  a  group  of 
glandular  epithelial  cells  lying  in  reticular 
C.T.  and  separated  by  sinusoidal  capillaries. 
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These  epithelial  cells  are  usually  classified 
into : 

1  -  Chromophil  cells  with  granules  in  their 
cytoplasm  and  differentiated  into  : 

a  -  Acidophil  (Alpha)  cells.  They  are 
small  rounded  or  oval  cells  with  vesicular  nu¬ 
clei.  Their  granules  are  large  and  stain  by  nu¬ 
merous  dyes  such  as  eosin  and  orange  G. 

b  -  Basophil  or  Beta  cells  are  large  round¬ 
ed  or  granular  cells  with  vesicular  nuclei.  This 
granules  are  small  and  stain  with  basic  dyes 
such  as  Haematoxylin  and  methylene  blue. 

2  -  Chromophobe  cells  are  very  small 
cells  with  large  nuclei  and  non-granular  pale 
stained  cytoplasm. 

**  Pars  tuberalis,  an  upward  extension 
from  the  pars  distalis.  Their  small  rounded  or 
polygonal  cells  have  a  slightly  basophilic  non- 
granulated  cytopiam.  Some  cells  form  follicle 
like  structure. 

**  Pars  intermedia,  which  lies  between 
pars  distalis  and  pars  nervosa,  being  Separated 
from  the  former  part  by  the  pituitary  cleft. 

Their  epithelial  cells  are  distinguished  into: 

-  Cuboidai  epithelial  cells  lining  small  fol¬ 
licles,  the  lumens  of  which  are  filled  with  col¬ 
loidal  material. 

-  Polygonal  cells  arranged  in  cords  and 
with  or  without  basophilic  granules  in  their  cy¬ 
toplasm. 
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Pars  distal  is 


**  Pars  nervosa,  the  greatest  bulk  of  the 
posterior  lobe  and  appears  lighter  in  colour 
than  any  other  part  of  the  pituitary.  It  consists 
of  unmyelinated  nerve  fibres  and  irregularly 
branching  cells  (pituicytes) . 
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The  Thyroid  Gland 

Anatomically  the  thyroid  gland  is  formed 
of  two  small  lobes,  one  lobe  lying  on  either 
side  of  the  larynx  and  trachea,  being  connected 
together  by  a  transverse  isthmus.  Examine  a 
vertical  section  (VS)  of  the  gland  and  notice 
that  it  consists  of  : 

-  A  thin  capsule  of  fibrous  C.T.  containing 
blood  vessels. 

-  The  thyroid  follicles  which  vary  in 
shape  and  size.  They  are  lined  with  simple  cu- 
boidal  or  small  columnar  epithelium  having 
large  reounded  nuclei  and  encloses  a  lumen 
filled  with  acidophilic  colloidal  secretion. 

-  Interfollicular  tissue,  formed  of  reticu¬ 
lar  C.T.  with  many  blood  vessels,  lymphatics 
and  nerves.  It  also  contains  groups  of  epithelial 
cells  called  interfollicular  cells  and  parafol¬ 
licular  cells. 

The  Parathyroid  Glands 

The  parathyroid  glands  are  small  oval  bod¬ 
ies  embedded  in  the  capsule  of  the  thyroid 
gland.  Microscopically : 

-  Each  parathyroid  gland  is  covered  with  a 
thin  capsule  of  reticular  connective  tissue 
which  separates  it  from  the  thyroid  gland. 
These  capsules  send  delicate  septa,  also  of  re¬ 
ticular  C.T.  to  the  inside  of  the  gland. 

-  The  parenchyma  of  the  gland  consists 
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of  two  types  of  cells,  comprising  : 

-  The  chief  cells  (principle  cells) ,  poly¬ 
gonal  in  shape  with  a  vesicular  nuclei  and 
slightly  acidophilic  cytoplasm. 

-  The  oxyphil  cells,  they  are  larger  than 
the  principle  cells  and  their  cytoplasm  contains 
many  acidophilic  granules  and  their  nuclei  are 
small  and  deeply  stained. 

-  These  two  types  of  cells  are  arranged  in 
elongated  or  rounded  groups  being  separated 
from  one  another  by  small  blood  sinusoids. 
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The  Mammalian  Adrenal 
(Supra-renal)  Gland 

The  position  of  this  gland  in  the  body  was 
already  described  in  the  urinogenital  system  of 
rabbit.  Now,  examine  T.S.  of  the  gland  to  no¬ 
tice  the  following : 

-  The  adrenal  gland  is  covered  by  it  cap¬ 
sule  and  consists  of  two  concenteric  layers,  an 

outer  cortex  and  an  inner  medulla. 

-  The  capsule  is  formed  of  thick  fibrous 
C.T.  containing  blood  vessels  and  unmyelinat¬ 
ed  nerves.  It  sends  septa  to  the  substance  ( the 
cortex  and  medulla)  of  the  gland  as  trabeculae. 

The  cortex,  consisting  of  three  zones, 
which  are  not  sharply  defined.These  zones  are: 

The  zona  glomerulosa  ,  the  outer  zone, 
formed  of  epithelial  columnar  cells  which  are 
arranged  in  closely-packed  ovoid  clusters  sep¬ 
arated  by  reticular  fibres  containing  blood  ca¬ 
pillaries  and  sinusoids  .  These  cells  have  dark¬ 
ly  stained  nuclei  and  basophilic  cytoplasm 
containing  few  lipid  droplets  which  appear  as 
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vacuoles  in  routine  histological  preparations. 

-  The  zona  Fasdculata  ,  is  the  intermedi¬ 
ate  zone.  Its  epithelial  cells  are  polyhedral  with 
round  vesicular  nuclei  and  the  basophilic  cyto¬ 
plasm  contains  numerous  lipid  droplets  and 
often  appears  vacuolated  in  routine  histological 
sections.  These  cells  are  arranged  in  a  straight 
cords,  usually  two  cell  thick  seperated  by  retic¬ 
ular  fibres  containing  blood  capillaries  and  sin¬ 
usoids  and  lymphatic  vessels. 

*  The  zona  reticularis,  is  the  inner  zone. 
Its  epithelial  polygonal  cells  have  eosinophilic 
cytoplasm  containing  yellow  pigments.  The 
cells  are  arranged  in  an  anastomosing  network 
of  clumps  and  columns  with  a  capillary  net¬ 
work. 

The  Medulla  :  It  is  located  in  the  middle 
of  the  adrenal  gland.  The  epithelial  cells  of  the 
adrenal  medulla  are  polygonal  in  shape,  ar¬ 
ranged  in  clumps,  cords  or  columns  anasto¬ 
mosing  together  and  separated  from  one  anoth¬ 
er  by  reticular  fibres  and  a  wide-blood 
sinusoids.  These  cells  have  a  large  nuclei  and 
finely  granular  cytoplasm  ( chromaffin  cells) . 
Sympathetic  ganglion  cells  are  found  singley 
or  in  groups  in  the  adrenal  medulla.  A  large 
central  vein  appears  in  the  centre  of  the 
medulla. 
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